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000 kVA TRANSFORMER FOR THE CENTRAL ELECTRICITY BOARD. 


45, 
The completed core and windings of a 45,000 KVA, 


132/33 kV transformer to be installed at the Birkenhead substation of the C.E.B. 
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Electrical Progress and Development 


during 1938. 


By H. W. RICHARDSON, B.Sc., M.I.E.E. 


Editor of the G.E.C. Journal. 


INTRODUCTION. 


The most marked feature of the electrical industry 
in 1938 was the practical consolidation of that far- 
reaching research and development work which 
had taken place in im» ediately preceding years. 
Some of the most outstanding results of this work 
included the high pressure mercury vapour lamp, 
broadcast television, the pumpless air cooled mercury 
arc rectifier, the multi-channel telephone cable, 
and many new forms of lighting based upon the 
possibilities of discharge tubes and fluorescent 
powders. Equipments embodying the new develop- 
ments had been placed in service before 1938, but 
during that year installations multiplied rapidly and 
became widespread. The new types of plant and 
apparatus are now well established. Successful 
research and technical effort have been translated 
into terms of successful application. 

Another prominent feature of the year has been 
the strength exhibited by the electrical industry in 
the export field. Whilst nearly every other industry 
has shown a decrease in its export figures, the 
electrical industry has effected quite an outstanding 
increase. Although to no small extent this may be 
because of the continual activity and development in 
the gold mining industry, at the same time it is due 
to the many schemes for industrial development in 
Overseas markets which were launched during 1937, 
and were in course of completion during the period 
under review. For instance, considering iron and 
Steel production and paper making—two industries in 


which electrification has made considerable progress 
in the home market—it is interesting to note that 
in the case of both these industries important work 
was in progress overseas. Examples in support of this 
statement are afforded by an extensive contract for 
heavy plant for the Karabuk Iron and Steel Works, 
Turkey, and the wide range of equipment involved 
in the electrification of the Star Paper Mills, Ltd., 
India. Other installations of a comprehensive 
character are referred to later. 

Much of the work of the Research Laboratories 
and Development Departments, equally with that of 
the rest of the organisation, has been in the direction 
of consolidation. The value of the results achieved 
is shown by the improvements in design and 
methods of production which have been continually 
effected. 

One field of study which is being carefully 
investigated is noise measurement. It is well known 
that the health of the community is definitely 
affected by excessive noise, and the possibilities of 
reduction of noise are canvassed on every side. One 
of the first necessities in attaining this object is 
that it shall be possible to measure the intensity 
and pitch of noise. For this reason great interest 
attaches to a new noise measurement building 
adjacent to the Development Department buildings 
at Witton, which later is described briefly. 

The next paragraphs give an outline of the 
more important aspects of work performed at the 
Research Laboratories, Wembley. 
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STREET LIGHTING. 
Revealing Power. 
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For a long time a need has been felt for some 
method of measuring visibility in a street lighting 


found in the street which will be adequately 
revealed against the parts of the background shown 
in the perspective view, taking into account the 
statistical distribution of the object reflection factors. 





Fig. 1.—_-Contours of revealing power for 


staggered installation. 


installation. The problem is, however, full of 
technical difficulties and for various fundamental 
reasons it is probable that visibility in an artificially 
lighted street, as generally understood, will never 


be satisfactorily measured. On the 
other hand investigations at the 
Research Laboratories have led 
to a method of determining the 
“revealing power’ of an installation 
which is a major contribution to 
the solution of the problem. The 
results of these investigations have 
just been published' and should 
be read in conjunction with two 
other papers*. A method is proposed 
by which, from a knowledge of the 
distribution of road brightness and 
the illumination on objects in the 
road, a perspective view of the 
installations can be contoured in 
revealing power. This power can 
be defined briefly as the percentage 
of all normal objects likely to be 


1 J. M. Waldram. Trans. Illum, Eng. Soc. (London), 
Vol. III. pp. 173-186 (Dec. 1938). 

2 C. Dunbar. Trans. Illum,. Eng. Soc. (London). Vol, III. 
187-195 (Dec. 1938). 
F. C. Smith. Trans. Ilum. Eng. Soc. (London). 
\ 


ol. IIT. pp. 196-200 (Dec. 1938). 


Fig. 3. 


Fig. 2.--Contours of revealing power for 
central installation. 


As examples of the type of result obtained, figs. 1 
and 2 give contours of percentage revealing power 
for a staggered and a centraily suspended installation 
having the same B.S.I. test point illumination. 





Reproduction of photograph showing checking 
wedge on left. 
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Uni-directional Lighting. 


This investigatory work stimulated the develop- 
ment of a type of installation which would in itself 
produce high revealing power. As, in the main, 
objects on a road are seen dark against the light 
road surface, the contrast of the objects against their 
background will be enhanced if no light falls upon 
them. In this new _ back-cut-off experimental 
installation, specially designed units direct their 
light only towards the oncoming traffic. The light 
distribution in this direction is similar to that obtained 
with a normal redirective unit, so that the road 


aD 


produce unity contrast and the remaining plates are 
developed for this new time. As an additional 
check a wedge is photographed onto the side of 
every plate exposed. as shown in fig. 3. This wedge 
enables the contrast of the negative and of the final 
prints to be checked and in this way, the closest ap- 
proach to an overall contrast of unity can be obtained. 


Siting Gauge. 


Some reference was made in a previous issue of 
this Journal to a method of studying the factors 
which affect the appearance of an artificially lighted 
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Fig. 4.-Siting gauge for planning source positions on bends 
in a street lighting installation. 


surface and its surroundings appear to be lighted 
normally, but in the direction of the traffic movement 
there is a complete cut-off so that the side of objects 
facing the oncoming driver is quite dark. The 
arrangement is probably applicable only to one-way 
roads and to the type of double carriageway road 
now becoming common, on which promising results 
have been obtained. 


Standard Representation Photography. 


In many problems such as those described above, 
the standard representation technique of obtaining 
a faithful photographic record of the appearance 





ag a 


street by the simultaneous projection of two standard 
representation lantern slides on a single screen. 
This work led to recommendations for the maximum 
horizontal separation in angle of any two consecutive 
light sources in a street lighting installation. An 
outcome of this work has been the development of a 
siting gauge for planning the position of street 
lighting units on bends in a road*. The gauge, to 
scale, is illustrated in fig. 4. It is drawn on trans- 
parent celluloid to the scale of the street plan on which 
the designer is working and its use is illustrated 
in fig. 5,in which A is any viewpoint in the length of 
the street at typical distance from the kerb. This 


<i / 
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Fig. 5.—_-Method of using siting gauge. 


of the installations is still being used. Variations 
in photographic materials have necessitated a study 
of methods allowing for fortuitous changes. The 
method which has recently been established involves 
the use of an idle check plate. This plate is carried 
to the installation in its dark slide with the plates on 
which the photographs are to be taken. It thus under- 
goes a similar treatment. On returning to the 
laboratories a step-wedge is photographed on to the 
edge of the check plate which is then developed at a 
known temperature for the normal period. By 
densitometry of the wedge on this plate, the contrast 
obtained can be determined. If this is not unity, 
an allowance is made in the development time to 


distance is usually taken to be 10 feet and the radius 
of the circle at A is this dimension to scale. The 
origin of the gauge will thus be set in correct position 
anywhere in the length of the street if the near side 
kerb is tangential to the circle at A. Pivoting the 
gauge about A, one side of it is made to pass through 
one of the pair of sources under investigation such 
as 5 in fig. 5. In order that the bright area from 
any more distant source (e.g., 6) shall join up with 
that from 5, source 6 must not lie outside the side of 
the gauge opposite to that passing through source 5. 
It will be seen from the illustration that source 6 lies 
well outside the gauge, and that to make a satisfactory 





3. J. M. Waldram, Trans. Illum. Eng. Soc. (London) Vol. III., pp. 155-157 
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installation it will need to be moved on to the other 
side of the road and nearer to source 5 than its present 
position. 


Investigation of Discomfort Glare in Lighted Streets. 


An investigation has been made of discomfort 
glare in lighted streets. Glare from street lamps can 
be shown to be due to two distinct phenomena, one, 
the disability to vision caused by the presence of 
the glaring sources, and the other, the discomforting 
or distracting sensation caused by the presence of 
bright sources in the field of vision. Usually both 
glare effects are simultaneously present, but it can 
often happen that one or the other is present alone. 





Fig. 6.--Diagram of experimental track-indicating 
beacon system. 


Disability glare has been studied in general and 
in relation to street lighting by Holliday, and by 
Stiles. Investigations on discomfort glare have 
not hitherto been described. In the work which 
has been conducted, a model street has been 
employed. This model consisted of a black box, 
at the far end of which was a standard representation 
photograph of a street lighting installation illuminated 
by lamps invisible to the observer. In the positions 
of the sources on the photograph were apertures of 
variable size, behind which was a very high back- 
ground brightness, obtained by filling a large con- 
denser lens with light. From the position of the 
observer, the model simulated the appearance of an 
actual street as seen from the driving seat of a car. 
For an observation, the brightness and the area 
of the sources were set to definite values, the first 
by adjusting the brightness of the lamp behind the 
condenser lens, and the second by means of a micro- 
meter adjustment on the apertures at the source 
positions. The observer was then asked to vary the 
road brightness, by adjusting a control on the 
illumination on the photograph, until the installation 
gave him a certain sensation of discomfort 
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glare. Thus he might be asked to set the road 
brightness until the glare was just uncomfortable. 
Similar settings would be made for other degrees of 
discomfort and with other settings of the source 
brightness and source area. 

The investigation is not yet quite complete, but 
already it has been possible to utilise the results 
obtained to estimate the glare from proposed in- 
stallations, or to indicate how the light distribution 
or lantern design could be modified to reduce the 
glare from a given installation to a reasonable degree 
of comfort. There is a close degree of agreement 
between the results obtained from the model and 
estimates made on actual installations. 


A NEW TYPE OF AIRWAY BEACON. 


A research problem of interest has been the 
development of a sensitive system of track-indicating 
airway beacons. A high intensity airway beacon 
consists usually of a single rotating searchlight 
having a special light distribution above the main 
beam. When seen from the air such beacons give 
a single flash at regular intervals which indicates the 
position of the beacon but does not give direction. 
To indicate to the pilot whether or not he is on the 
track of the airway, and if he is not, how far he is 
off it, requires some other indication which is 
fixed in space. Experiments have shown that if 
two simple rotating beacons are used at each point, 
a sensitive method of giving this indication is obtained. 
Imagine two beacons rotating at the same speed in 
opposite directions as shown in fig. 6. If the pro- 
jectors are so adjusted that when both beams are 
parallel they point along the track it is desired to 
indicate, then a pilot on the track will see simultan- 
aneously a flash from each beacon. If, however, he 
is to the left of the track in line A for example, the 
beam from the left hand beacon will be directed in 





Fig. 7. -Multi-range photoelectric photometer. 


his direction before that from the right-hand beacon. 
He will thus see them flash in the order, left-right. 
In practice the effect of the timing of the flashes is 
to make them appear to run to the right when the 
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pilot is to the left of the track, so that he 
receives an indication of the direction in 
which he should move to reach the track. 
If he is to the right, e.g., in line B, the flashes 
appear to move in the opposite direction. 
Navigational experiments conducted by 
making observations from a model aero- 
plane cockpit equipped with rudder-bar 
steering and compass have shown. that 
a high sensitivity of indication is obtained. 


PHOTOGRAPHIC APPLICATIONS OF 
ELECTRIC DISCHARGE LAMPS. 


A long investigation has been made 
into the possible uses for photographic 
and kinematographic purposes of the various 
discharge lamps which are at present 
available, and also those in the develop- 
ment stage. The results are too numerous 
to give here, but an article upon the 
subject will appear in the next issue of this Journal. 


NEW PHOTOMETRIC APPARATUS. 


Two new portable photoelectric photometers 
have been developed at the laboratories for measure- 
ments in connection with specialised illumination 
work. The first will read values up to 5,000 ft. 
candles or above without the illumination on the 
rectifier photocell exceeding 50 ft. candles. In 





Fig. 8.-Photoelectric brightness meter for 
measurement of diffusing fittings. 


addition, this photometer is capable of making 
measurements when the light is incident at large 
angles of incidence without the large errors which 
may occur when the cell alone is used. 

These features are obtained by placing the cell 
about }-inch below a diffusing and transmitting 
pot-opal test plate. Light, providing the illumin- 
ation to be measured, falls on the test plate, is trans- 
mitted and illuminates the cell. The current from 
the cell is read on a micro-ammeter calibrated in 
foot candles. In order to increase the range of the 
instrument diaphragms such as that seen in the 
illustration (fig. 7) are placed over the opal plate. 
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Fig. 9.—-Long range distribution photometer. 


The second instrument has been designed for 
brightness measurements on diffusing lighting fittings. 
Any photoelectric photometer in which the photo- 
electric cell is arranged at a fixed distance from an 
aperture of given size can be calibrated to read 
brightness, providing that the cell “‘sees’’ the whole 
of the fixed aperture filled by the bright surface to 
be measured. 

In the present example, shown in fig. 8, a rectifier 
cell is arranged at the rear end of a screened tube, 
and the aperture is placed approximately 6 inches 
in front of the cell surface. In order to determine 
whether or not the surface to be measured completely 
fills the aperture, a glass plate is arranged at 45° in 
front of the cell, and by inspection through a side 
aperture having a movable cover, it is possible to 
determine the field of view of the cell. The cell is 
connected by flexible leads to a miucro-ammeter 
calibrated in candles per square inch. The range 
is varied by the use of apertures of different sizes. 
The ranges provided are 0-10 and 0-50 candles per 
square inch. 

Another new photometer of quite a different 
form is shown in fig. 9. This photometer has been 
constructed for the determination of the intensity 
distribution from concentrating projectors such as 
floodlights. Measurements at long range are nec- 
essary if accurate results are to be obtained. Ranges 
up to 238 feet are available with the apparatus to 
be described. 

Light from the unit under test falls upon a mirror 
30 inches x 40 inches, which can rotate through 
360° round the unit under test. The first mirror 
redirects the light on to a second mirror, which in 
turn reflects it on to a third mirror. The third 
mirror redirects it down a corridor on to a photo- 
electric cell. This will give a range of 138 feet. 
For the longest range the cell is removed to a position 
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Fig. 10.—Interior of new noise measurement building 
at Witton Engineering Works. 


near the third mirror and a fourth mirror at the end 
of the corridor reflects the light back on to it. In 
order that light from the first mirror shall always 
be redirected on to the third mirror, the second must 
execute a motion as the first mirror moves around 
the unit under test. This is achieved by a wire 
drive from the first mirror to the second. 

As constructed, the apparatus is arranged for the 
semi-automatic production of polar curves. A 
second wire drive from the first mirror rotates a 
circular table on which the polar curve paper is 
mounted. Above the table is situated a galvano- 
meter connected to the photoelectric cell and the 
deflection of the galvanometer spot is marked by 
hand on the polar curve paper. 


ELECTRIC DISCHARGE LAMPS. 


When the 80 W. and 125 W. “‘Osira”’ high pressure 
mercury lamps were marketed during 1937, the 
starting voltage was not low enough to enable them 
to be operated on voltages below 230 volts without a 
transformer or other step-up device. On 200-220 
volt circuits, therefore, it was necessary to use a 
transformer to step the supply up to 230 volts. 
During the present year the design of the 80 and 
125 watt lamps has been modified and a considerable 
improvement in this respect obtained, so that the 
use of a transformer is no longer necessary. 

Certain advantages in light utilization and dis- 
tribution are sometimes obtained by operating the 
“Osira’”’ high pressure mercury lamp in the horizontal 
position. For this reason, during 1937, lamps were 
specially designed in the 400 watt and 250 watt 
sizes which could be used in either the vertical or 
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horizontal positions. The luminous efficiencies of 
these special lamps when operated horizontally were, 
however, 33 and 41 lumens per watt respectively for 
the 250 and 400 watt lamps, as against 36 and 45 
lumens per watt for the normal lamp operated 
vertically. Magnetic deflectors have therefore been 
developed which, when used with standard lamps, 
enable them to be operated horizontally at the 
normal efficiency of 36 and 45 lumens per watt. The 
magnetic deflector is a robust unit which is connected 
in series with the lamp. The magnetic field so 
produced is in phase with the lamp current, and the 
position and direction of winding of the deflector 
are so arranged that the arc is prevented from 
bowing upwards, and is maintained substantially 
along the axis of the lamp. 

Frequent small improvements in the design of the 
auxiliary chokes which are used as stabilizers for all 
“QOsira’” high pressure mercury lamps have been 
introduced ever since these lamps have been on the 
market. Recently, however, a big step forward 
has been made in the design of these chokes. This 
consists in enclosing the whole choke in a wax-filled 
metal container so that no part of it can be affected 
by handling or weather conditions. This improve- 
ment has been made possible without a consider- 
able increase in the cost of production only by a 
complete re-design of the choke itself and by the 
use of a special method of adjustment which has 
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Fig. 11.—View in the turbo-alternator bay at Witton 
Engineering Works showing various alternators during 
construction. 
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been developed in conjunction with Witton Engin- 
eering Works. 


‘‘OSIRA’’ SODIUM LAMPS. 


Further types of “Osira’’ sodium vapour lamps 
have been developed, rated at 85 watts and 140 
watts, which are suitable for street lighting or general 
lighting. The 85 watt lamp replaces the earlier low 
voltage sodium lamp used in the “Osira’”’ sodium 
floodlighting units. The initial efficiency of both 
ratings is 71-5 L/W. A smaller lamp of 45 watt 
rating is under development. The lamps are 
operated from step-up leakage- 
reactance type transformers. 


‘*OSGLIM’”’ LAMPS FOR EXCITING 
LUMINESCENCE. 


A negative-glow discharge lamp 
of the “‘Osglim’’ range has been 
developed to give a sufficient 
amount of ultra-violet radiation to 
excite luminescent powders, etc., 
accompanied by a small amount 
only of visible light; the lamp may 
be screened off by a filter of “‘dark’’ 
ultra-violet transmitting glass, such 
as Wood’s glass, in cases where a 
minimum of visible light is desired. 

The lamp has a rating of 3 watts 
and, by means of special electrode 
treatment, it has been made suit- 
able for operation from supplies of 
100-130 volts A.C. It is being 
applied in conjunction with lumin- 
ous instrument-dials for lighting 


the component parts, such as quartz crystal filters. 
Some of the systems are capable also of forming 
integral sections of the co-axial cable systems designed 
to carry hundreds of channels. In co-operation with 
the G.P.O. and Pirelli-General Cable Works, ex- 
tensive tests have been made on the new multi-pair 
carrier cables at frequencies above 60 kc. in the 
expectation that in some cases more than 12 channels 
will be possible on high quality pair cables. 

One of the problems in designing and setting 
up a multi-channel carrier system is that of ascertain- 
ing accurately the overload point at which the non- 


} 
, 





aeroplane dashboards. This method Fig. 12.—Mercury arc rectifier equipment in the stores of Lewis’s Ltd., 


of illumination has been found to Birmingham. 


give clear visibility of the instru- 
ments, whilst the almost complete 
absence of illumination except from the dials 
themselves permits the observer’s eye to remain 
adapted to the dark, an important factor when 
objects on the sky-line have to be discerned. 
The lamp is somewhat smaller than the familiar 
“Osglim’’ Beehive lamp, the wire spiral and disc 
which serve as electrodes in the latter being replaced 
by the two halves of a circular plate which is divided 
down a diameter by a gap of amm. orso. A nitrogen- 
argon mixture replaces the usual neon filling and, 
when alight, the two halves of the plate glow with a 
faint bluish light, rich in the near ultra-violet rays. 


TELEPHONE TRANSMISSION. 


During the year many circuits have been put 
into operation with the G.E.C. 12 channel carrier 
system, and many installations are being carried 
out by Telephone Works. Development work 
continues at a rapid pace on these systems, and 


The view shows three of the four air-cooled steelclad 
rectifiers and one of the rectifier transformers. Two rectifiers are rated 
at 125 kW, 230 volts and two at 250 kW, 460 volts. 


linearity of repeaters will introduce interference 
between channels. For this purpose a special 
device, sometimes called an “‘artificial voice,’’ has 
been designed and tested with G.P.O. co-operation. 
Taking “‘shot’’ noise in a diode valve as a basic 
electric current of something like the irregular 
character of speech, this apparatus amplifies and 
shapes the resulting voltage and applies it simult- 
aneously to a number of channels under test. The 
resulting interference on an idle channel is then 
measured on the weighted noise-measuring voltmeter 
conforming to C.C.I.F. (Comite Consultatif Inter- 
national Telephonique) specification. The method 
appears promising, and was scheduled at the Oslo 
meeting of the C.C.I.F. in June, 1938 as suitable 
for practical trial. 


RADIO INTERFERENCE SUPPRESSION. 
A considerable amount of work has been carried 
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out at Witton Development Department to finalise 
the designs of the components necessary to ensure 
adequate suppression of radio interference and these 
designs will now be available for the whole range 
of products when it becomes advisable or necessary 
to apply them. Perhaps the main advance in this 
direction is the development of a special form of 


choke having small overall dimensions and increased 


efficiency. 


CATHODE RAY TUBES. 


Intensive development of cathode ray tubes has 
been in progress, one important result being the 
production of a short 12 in. electrostatically deflected 
and focussed tube. At the same time all the 
problems connected with reliability, improved focus 
and brightness and economical production have 
been under detailed investigation. 


NOISE MEASUREMENT. 


It is only in comparatively recent years that any 
really scientific attempt has been made to investigate 
the causes of noises and how best they might be 
overcome. One result of the efforts to deal with the 
subject has been the provision of equipment and 
facilities for measuring noise in accordance with 
standardised measurements. Much attention has 
been given to the problems involved both in the 
G.E.C. Research Laboratories at Wembley and in 
the Development Department at Witton Works. 
In this connection there has been erected at Witton 
a separate building, fig. 10, specifically for measuring 





Fig. 13.—250 kW transportable pumpless, air-cooled steelclad rectifier 
equipment in service by London Transport. On the right is one of the 
six battery equipped locomotives referred to on page 20. 
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the pitch and volume of the various noises, associated 
with electrical machinery, which together make up 
the total noise. The building is cubical in form 
and weighs about 80 tons. It rests on a large number 
of rubber blocks at each corner, which in turn rest 
on a heavy concrete foundation. The rubber 
supports provide excellent insulation from soil borne 
noises, whilst thick walls and doors keep out air 
borne noises. Every possible step has been taken to 
ensure that the interior of the building is sound 
proof, and thus the measurements of noise made 
when the apparatus is being tested may be taken 
as applying solely to the apparatus. 

The subject of noise measurement is being 
dealt with at greater length in an early issue of this 
Journal. 


TURBO-PLANT. 


There has been a large number of turbo- 
alternators in course of construction at Witton 
Engineering Works, fig. 11, seven of these being 
3,000 r.p.m. units with capacities of 35,000 kVA and 
upwards. In each case the turbine for driving these 
machines is being built at Fraser & Chalmers Engin- 
eering Works. Two sets each of 40,000 kVA for 
Johannesburg are of interest as they represent the 
eighth and ninth turbo-alternators supplied to this 
municipality. The alternator of a 37,500 kVA set is 
being wound for a voltage of 22,000 volts; it is the 
second machine of this voltage manufactured for the 
Borough of Woolwich. Many turbo sets have been 
built for industrial undertakings. 


MERCURY ARC RECTIFIERS. 


Further progress has been made 
in the development of.the pumpless 
air cooled rectifier, due largely to 
the unusually wide facilities for 
testing which are available in the 
Rectifier Works. Outputs of 500 kW 
at 600 volts, 1000 kW at 1,500 volts, 
and 1,500 kW at 3,000 volts are 
now obtained easily in single 
cylinders. Units thus rated have 
been subjected to severe overload 
and short circuit tests under con- 
trolled conditions, the results being 
entirely satisfactory. The ventilating 
system of the rectifier has been 
simplified, and the power required 
to drive the fans has been reduced. 

The demand for the pumpless 
air cooled rectifier has been world 
wide ; equipments have been in- 
stalled in Australia, China, India 
and on the Continent of Europe. 
Its use in industrial undertakings 
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has increased, and units have been built for 
collieries, steelworks, textile mills, chemical works, 
printing works and multiple stores. An _ out- 
standing contract for this class of plant was 
placed by London Transport. It includes 88 
rectifying units with a total output of 37,000 kW, 
22,000 volt stonework cubicle switchgear, 22 trans- 
formers each of 2,000 kVA, over 80 high speed circuit 
breakers, D.C. switchgear and all auxiliary equip- 
ment for station lighting, local power supplies, etc. 


BATTERY CHARGING PLANT. 


A new design of direct current generator for 
battery charging equipments possesses novel charac- 
teristics. It is well known that the most satisfactory 
way of charging a small battery is by the constant 
potential system which imparts a tapering charge to 
the battery and gives automatic protection against 
overcharging. 

The normal compound wound generator which 
may be designed to produce a level voltage character- 
istic between full load and no load is, however, 
quite unsuitable for this work since in the event 
of a failure of supply to the driving motor, the 
generator would draw a reverse current from the 
battery and either run at an excessive speed as a 





Fig. 14._-One of the range of heavy duty end-shield 
pedestal induction motors for colliery use. 


reverse compound motor, or stall, taking a heavy 
discharge current and causing a reversal of polarity. 

In the new design an unconventional form of 
magnetic system has been adopted, there being no 
series turns on the pole pieces. The resulting 
characteristics assure complete stability and freedom 
from polarity reversal under all conditions. 
Machines of this type having inherent protective char- 
acteristics are preferable to normal plant requiring 
additional switchgear for the same degree of protection. 


A.C. MOTORS. 


The design of A.C. totally enclosed fan cooled 
motors above 50 h.p., 1500 r.p.m. has been improved. 


While retaining the double air circuit, which 1s 
desirable in larger machines, the whole of the stator 
is exposed to external air, thus giving greater 
efficiency in cooling. 

The standard range of A.C. totally enclosed fan 
cooled motors now includes flange mounted and 
vertical spindle types; in addition, smaller flame- 
proof sizes have been added to the range. 





Fig. 15.140 h.p. D.C. totally enclosed fan cooled 
motor, 480 volts 369/750 r.p.m., with top half of end 
shield removed to show aluminium diaphragm. 


A rather interesting application of the squirrel 
cage motor is for driving clay guns for stopping up 
the outlet of blast furnaces. The requirements are 
a high starting torque, which is however limited on 
account of the strength of the driven machine, and 
the ability to withstand stalling for 20 seconds. The 
first requirement necessitates a careful calculation of 
the torque developed, and the latter a detailed 
consideration of the cooling and the heat capacity 
of the windings. To prevent damage during stalling 
the stator winding is being made entirely heat-proof, 
and the squirrel cage rotor winding is made of 
heavy section resistance alloy in order to obtain 
both high resistance and large heat capacity. 

The end-shield pedestal bearing type of colliery 
motor, fig. 14, is now provided with jacking screws 
for adjusting the position of the bearings. The 
screws are placed at either side and below the 
bearing housing. 


D.C. MOTORS. 


Additional sizes of totally enclosed fan cooled 
direct current motors have been introduced, and the 
range of this type of machines extends from 3 h.p. 
at 1,000 r.p.m. to 150 h.p. at 350 r.p.m. A typical 
example is shown at fig. 15. An improved design 
of diaphragm has led to an increase in efficiency. 


HIGH POWER SWITCHGEAR. 


The conditions of service to which switchgear even 
of moderate breaking capacity is subjected become 
continually more severe; to meet these conditions 
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Fig. 16.—-View of the 9-unit, 1,000,000 kVA, 11 kV 

duplicate busbar metalclad switchboard installed in the 

Clydes Mill Power Station of the Clyde Valley Electrical] 
Power Co. 





steps have been taken which improve the perform- 
ance and reliability of circuit breakers. One of the 
greatest advances in this respect has been the general 
adoption of arc control pots for oil circuit breakers. 
While hitherto their use has been confined to 
breakers of large capacity it was decided to fit such 
pots to breakers of smaller capacity. Several advan- 
tages have resulted: (1) it has enabled the maximum 
capacity of the range of breakers known as “Subgear’’ 
to be increased without much increase in dimensions ; 
(2) it has given a much reduced arcing time; and 
(3) tank pressures have been considerably reduced. 
Many of the 132 kV 1,500,000 kVA circuit breakers 
supplied to the Central Electricity Board (some of 
them as early as 1928) have been modernised by the 
fitting of arc control pots, and as a result their 
breaking capacity has been largely increased. A 
sample breaker fitted with the new arc control pots 
has been tested according to British Standard 
Specification No. 116, Part 2, 1937, to a capacity of 
over 2,000,000 kVA. 

The whole question of arc control pots is discussed 
in a subsequent article in this issue. 

The 66 kV oil circuit breakers, fitted with arc 
control pots, made for the New Consolidated Gold- 
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fields, Ltd., for service on the Gold Coast, are of 
particular interest in that all three phases are 
accommodated in a single round tank. A 
breaker of similar construction has been type 
tested for a breaking capacity of 1,000,000 kVA 
at 66 kV. 

The development of heavy metalclad gear 
has been advanced a stage by the completion 
of a large board of 11 kV 1,000,000 kVA units for 
the Clydes Mill Power Station of the Clyde 
Valley Electrical Power Co. The breakers have 
unusually high breaking and making capacity 
currents, respectively 52-6 and 134 kA, the 
normal current being 2,000 amps. A feature of 
interest is that each breaker is provided with a 
motor operated oil immersed bus-selector switch. 
The busbars, in accordance with standard G.E.C. 
practice, consist of condenser bushings; this 
construction achieves a considerable reduction 
in the use of oil or compound. 


HIGH POWER TESTING. 


An important addition to the equipment 
of the High Power Testing Station consists of 
a low voltage testing transformer which enables 
either single phase or three phase tests to 
be made at any voltage between 220 and 3,300 
volts. At voltages up to 660 an output of 
75,000 kVA can be obtained. 

There has now been added to the switch- 
gear testing facilities a mew testing station 
capable of carrying out short circuit tests on D.C. 





Fig. 17.—250,000 kVA, 11,000 volt duplicate busbar 

metalclad switchgear with transfer circuit breakers. 

This view shows 3 units of a 10-unit board for 

Southend-on-Sea. One breaker is shown withdrawn 

for inspection, one isolated and the third in the service 
position. 
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apparatus up to a maximum of 3,000 V, and on 
A.C. gear up to 1,200 V. 

Power is supplied by two motor generator sets 
each of which consists of a 1,750 h.p. motor driving 
one A.C. and two D.C. generators on the same 
shaft. |The corresponding machines of the two 
sets can be connected in series or parallel with each 
other, while the two D.C. machines on each 
individual shaft can also be interconnected in the 
same way, giving a remarkably wide range of 
short circuit current and voltage. 

The maximum short circuit capacity at present 
available is about 60 kA direct current at 750 volts, 
and 25,000 kVA alternating current. 


IMPULSE TESTING. 


The impulse testing of lightning arresters, trans- 
formers, and switchgear has been greatly facilitated 
by the installation of a new recording cubicle in the 
High Tension Test. This contains as its principal 
component a large and extremely sensitive metal 
tube cathode ray oscillograph, fig. 18, which was 
designed and made in the Witton Development 
Department. Its superiority over the sealed glass 





Fig. 18._-New metal-tube cathode ray oscillograph 
installed in the High Tension Testing Laboratory 
at Witton Engineering Works. 


type of instrument previously used for this work can 
be estimated from its writing speed, which can, if 
required, attain a value of about 200 miles per second ; 
while the sharpness and clearness of the wave trace 


give very high accuracy. The evacuating pumps 
are contained in the base of the instrument. 
Equipment for giving a high tension supply up to 
80 kV D.C. is mounted upon the roof of the 
cubicle. The electrical accessories, which include 
the complicated time-base apparatus, were also made 
in the Development Department. 


= 


: 








Fig. 19.—66 kV, 1,000,000 KVA, 3-phase outdoor oil 

circuit breaker with tank lowered showing contacts and 

arc control pots. This breaker is one of twelve manu- 

factured for the Bremang Gold Dredging Co. Ltd., 
of New Consolidated Goldfields Ltd. 


OUTDOOR SWITCHGEAR. 


Outdoor switching equipments have been built 
on a large scale for overseas. Gear of 33 kV, 66 kV 
and 110 kV has been supplied for the schemes of 
the Government of Madras; 110 kV switches for 
Mangahao, New Zealand; and like equipment has 
been exported to the Bremang Gold Dredging Co. 
Ltd., of New Consolidated Goldfields Ltd., West 
Africa, and the Anglo-Burma Tin Co. Ltd. 

New ranges of outdoor switchgear have been 
developed and additions made to existing ranges. 
A new line of horn type air break switches, covering 
a voltage range from 6-6 to 44 kV, is suitable for 
mounting in either vertical or horizontal positions. 

A 22 kV auto fuse isolator is now available; 
it can be used for the protection of transformers 
up to 200 kVA. Fuse mounts for “Quenchol’’ 
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fuses are constructed on more robust lines. The 
range covers voltages from 6-6 to 110 kV. Special 
switches produced include a 110 kV 300 amp. single 
break rotary isolating switch for the P.W.D. of 
New Zealand, and also a 33 kV _ fault-throwing 
switch for the Central Electricity Board. 


LIGHTNING ARRESTERS. 


The range of lightning arresters has been 
extended by the development of a 132 kV model, 
fig. 20. This is one of a number to be installed in 
the Barking substation of the Central Electricity 
Board to protect the Thames crossing at Barking. 
It consists of ten standard surge valve arrester units, 
the appropriate number for a solidly earthed system 
at the required voltage. A set of grading rings, 
arranged umbrella fashion, equalises the voltage 
across the complete assembly, giving the required 
spark-over value. 


ARC SUPPRESSION COIL. 


An arc suppression coil is nearing completion 
for use on an extensive 11 kV rural network. It is 
designed to pass a current under an earth fault 
condition up to 135 amps., this being the maximum 
earth capacitive current of the two healthy lines in 
such a fault condition. Tappings are fitted for 


adjustment of coil reactance according to the length 
of circuit in use at any given time, and a 7-way 
off circuit tapping switch is provided for convenience 
in tuning. 





Fig. 21.—Low voltage panel for centralised control schemes, 
shown with doors open (on the left) and with inside panels open 


(on the right). 
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Fig. 20.—132 kV Surge Valve lightning arrester on 
test in the High Tension Testing Laboratory, 
Witton. 


The coil is arranged for outdoor use and is 
provided with an automatic short circuiting switch 
mounted on the side of the tank to short circuit the 
coil and earth the system neutral direct if the fault 
condition persists for longer than a predetermined 
time. This switch, which is of the 
spring closed pattern, is actuated by 
means of a current relay and adjustable 
time delay, a recording ammeter for 
recording the behaviour of the system 
also being included. 


CENTRALISED CONTROL. 


One of the most interesting advances 
of the year has been the G.E.C. system 
of centralised control, which provides 
a very essential service in connection 
with air raid precautions, as public 
lighting can thereby be extinguished 
within a few seconds of warning 





Fig. 22.—Centralised control receiving 
relay. 
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being received and switched on again when 
required. Other important uses for centralised 
control include :— 

(1) The changing of special tariff systems. 

(2) Operation of staff calling alarms. 

(3) Control of display lighting. 

(4) Operation of oil circuit breakers installed at 

remote sub-stations. 
(5) The soundings of air raid warnings. 





Fig. 23.._-Automatic control cubicle for Diesel-electric 
equipment supplying a flashing beacon at Kashmor 
Aerodrome. 


Both low and high voltage equipments are in 
hand for public lighting control, a control cubicle 
for a low voltage network being shown in fig. 21. 

The schemes of control employ frequencies 
between 300 and 800 cycles per second, super- 
imposed upon either the high or low voltage supply 
network. No pilots are required for the signal 
current, and the same type of signal is used through- 
out; operation is independent of its strength or 
duration. The signal current is sent out at a pre- 
determined frequency and flows throughout the 
network to operate receiving relays connected to 
the low voltage mains, and the relays are tuned to 
respond to a particular frequency. Injection of the 
high frequency current into the network is by means 
of special transformers, which are usually connected 
in series with the main incoming supply feeders. 
The choice of this method, the principles of which 
are well known, was made only after research work 


had indicated that it offered the best solution to the 
problems associated with remote switching control 
over power networks. 

The high frequency supplies are obtained from a 
variable speed alternator driven by a direct current 
motor. This driving motor is supplied from a 
Ward-Leonard motor generator set. 

The starting signal for the driving motor 
can be effected by means of supervisory control from 
a distance, by local push button control, or by time 
switch. Correct speed for a particular frequency is 
obtained automatically by the operation of the control 
relay associated with the switching operation it is 
desired to perform. After the motor has been 
started, control is taken over automatically by 
telephone type relays and selectors, which finally 
shut down the machines when all the network 
relays have operated. 

A receiving relay is shown in fig. 22. One relay 
is installed at each point to be controlled. It is 
provided with two tuned reeds, each of which 
responds to a different frequency, so that two 
different operations can be performed by one 
relay, such as switching a street light on and off. 
These reeds pass through the open end of a lamin- 
ated iron yoke forming the magnetic circuit. The 
mechanism which controls a mercury switch contains 
two hammers, one associated with each reed. They 
operate upon a ratchet wheel to transmit the motion 
to the mercury switch rocker arm. When a particular 
frequency is impressed on the relay, one of the 
reeds vibrates and, striking the hammer, causes its 





Fig. 24.—Liquid con- 
troller for motors of 
250 h.p. and upwards. 
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ratchet wheel to rotate and so rock the mercury 
switch to either the on or off position. 


AUTOMATIC EQUIPMENT FOR ENGINE GENER- 
ATOR SETS. 


Simple and reliable automatic equipment has 








Fig. 25.—On-load tapping switch mounted on a 

20,000 KVA, 33/11 kV transformer for Birmingham 

Corporation. View shows the tank of the tapping 
switch in the lowered position. 


been developed for the control of small engine 
generator sets, such as are installed in isolated 
situations and for stand-by purposes. A _ typical 
equipment, fig. 23, is for controlling two cold 





Fig. 26.—Single operator air-cooled welding unit 
for currents up to 150 amps. 


starting diesel engines coupled to two small altern- 
ators. There is one set of control gear. In this 
instance the equipment is for supplying power to a 
beacon on an air route and by means of time switch 
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control one engine set is started each evening and 
shut down again in the morning. Normally the 
engine sets take duty on alternate days but arrange- 
ments are made so that if during starting or when 
in service one engine should fail, then the other 
immediately takes up the whole duty until the faulty 
one has been repaired. 

Other common applications of this type of 
control equipment are to sets used in telephone 
repeater stations and for railway signalling supplies 
where the engine-driven sets act as a standby to the 
normal public supply. 


LIQUID CONTROLLERS. 


A new design of liquid controller, fig. 24, for 
use with motors of 250 h.p. and upwards, has been 
introduced. Its principal feature is the method 
employed to ensure rapid circulation of the electro- 
lyte over the surface of the fixed and moving elec- 
trodes. 

The electrolyte is circulated through the con- 
troller by a motor driven centrifugal pump which 
forces the liquid into a common header when it 
passes through rubber pipes direct to the fixed 
electrodes. The rapid flow of the electrolyte through 
the grids of the electrodes effectively prevents the 
generation of steam even under the most severe 
conditions, while the controller is suitable for reverse 
current breaking. 

After passing through the controller the electro- 
lyte is cooled in a chamber equipped with brass 
tubes through which cooling water is circulated. 
When the dissipating capacity of the controller 
exceeds 150 h.p. the cooler is separate from the 
liquid ‘controller. 


TRANSFORMERS. 


A 45,000 kVA, 132 kV/33 kV transformer for 
the Central Electrical Board is shown in _ the 
frontispiece of this issue, p. 2. It is of the five 
limb construction and is arranged for outdoor use. 
Cooling up to half load is effected by the natural 
circulation of the oil through two _ separately 
mounted banks of tubular radiators. Above half 
load, air blast is directed on to the radiator 
surfaces from high pressure centrifugal fans. Tap- 
pings are provided on the H.T. windings for a 
variation of plus or minus 10 per cent in 14 steps 
of 1-43 per cent and remote controlled motor 
operated on-load tap changing switchgear is fitted 
at one end of the tank. 

Fourteen 1,000 kVA single-phase transformers 
are being built for New Zealand, with on-load tap- 
changing gear, the units being mounted in banks 
of three. This necessitated designing a switch to 
suit, and a standard type was chosen as the basis of 
design. 

Each single-phase switch was coupled up by 




















Oe Oe Oe ee, ee 














external shafting with provi- 
sion for adjusting alignment. 
A new driving mechanism 
employing the positive motor 
operating system was designed 
and inserted in the coupling 
shafts between two adjacent 
units. The subsequent 
assembly was subjected to 
a life test of 17,000 opera- 
tions with satisfactory results. 

The 33 kV _ transformer 
on-load tapping switch has 
recently been re-designed. 
It carries a load current 
of approximately 400 amps., 
and the outputs of three- 
phase transformers for which 


Fig. 27._-The 3-stand tandem cold rolling mill at the Ebbw Vale steelworks 
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Fig. 28.—_-Some of the electrical equip- 
ment supplied to Richard Thomas & 
Co., Ltd. On the right are three 1,500 
h.p. and one 400 h.p. D.C. motors 
driving the cold mill shown in Fig. 27, 
and on the left is a 4,000 kVA Ward- 
Leonard set supplying the 4 motors. 


as distinct from the “front cover”’ 
method on the original design. 
The tank, complete with oil, weighs 
approximately 3,000 lb. and is 
raised and lowered by a winch and 
wire ropes. It can be completely 
lowered in 120 seconds. 

The driving mechanism is placed 
on the end of the gear where it can 
be reached without approaching too 
near to live conductors. 


ARC WELDING EQUIPMENT. 


A particularly useful addition 
to the range of A.C. arc welding 
equipment is the single operator 
lightweight unit, fig. 26. Though 


of Richard Thomas & Co., Ltd., driven by the motors shown in Fig. 28. weight has been reduced to a 


it is suitable at various voltages are as follows: 














minimum the construction is fully 
strong enough to enable it to withstand the severe 
handling to which it is likely to be subjected in 


sees | mene | service. It is suitable for garages and for the lighter 
age | ‘indin | , ; ; 
kV | Petey | Line kVA constructional work undertaken by blacksmiths and 
eat mame aes prmres ee millwrights, when current up to about 150 amperes 
Le | elta 26,500 . . 
22 | Star | 15,300 is required, 
33 | Delta | 39,500 
33 | Star | 22,900 
| | INDUSTRIAL ELECTRIFICATION. 


The electrification of industrial undertakings 





The principal modification is the provision of has proceeded rapidly. Outstanding work has been 
a “drop down’”’ tank to gain access to the switchgear undertaken in iron and steel works. 
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Of national importance is the new strip mill of 
Richard Thomas & Co., Ltd., at Ebbw Vale, now 
just coming into production. The electrical equip- 
ment supplied for this mill includes the motor 
drives and control gear for the 3-stand tandem cold 
strip mill (fig. 27), and comprises three direct 
current motors each of 1,500 h.p. output, and a 
400 h.p. D.C. motor, all four machines being 
supplied from a 4,000 kVA synchronous Ward- 
Leonard set. The three 1,500 h.p. motors in the 
mill are shown at fig. 28. The contract covers also 
a number of motors for the individual stands in the 








February, 1939 


lighting fittings and ‘‘Osira’’ lamps, high and low 
tension cable, and auxiliary switchgear. The scheme 
was described fully in the last issue of this Journal. 
Complete power house and boiler house equip- 
ment for Karabuk Iron and Steel Works, Turkey, has 
been in course of manufacture. The main items of 
the contract comprise two 12,500 kVA turbo-alter- 
nators, 3 high pressure turbines driving turbo- 
compressors each with a capacity of 30,000 cu. ft. of 
free air per minute against a pressure of 15 lb. per 
sq. in., two 750 kW motor generator sets, 2 standby 
oil engine driven alternators, 35 boiler house motors 





Fig. 29._-Paper machine drive at The Dartford Paper Mills Ltd., showing 
section motors on reel, calender and size press, etc. 


hot strip mill, 140 D.C. reversible mill type motors 
for driving mill auxiliaries, and two large metalclad 
switchboards. 

An important section of the mechanical plant 
for the cold rolling mill, representing approximately 
2000 tons of material, has been manufactured at 
Fraser & Chalmers Engineering Works to the designs 
of the United Engineering and Foundry Co., Pitts- 
burgh. The work undertaken includes 3 skin pass 
mills (comprising 6 housings each of 56 tons), the 
shearing line, a number of coilers, de-coilers, shears, 
a tensioning device and other auxiliary apparatus in 
connection with the manufacture of cold sheet and 
tinplate. 

A most comprehensive installation was completed 
at Jarrow Tube Works, which included complete 
rolling mill equipment, transformers, switchgear, 
motors for auxiliary drives with total capacity of 
1500 h.p., a continuous bright annealing furnace, 


with a total capacity of 2000 h.p., 5 switchboards 
totalling 45 panels, power and lighting cables, 
lighting fittings and many electrical accessories. 

A steelworks which is being largely extended is 
owned by John Summers & Sons, Ltd., of Shotton, 
near Chester. For this works there are in hand 90 
D.C. steelworks motors with a total capacity of 
3,000 h.p. for driving auxiliaries, over 200 low fre- 
quency roller motors complete with control gear for 
driving hot mill run out tables, two 700 h.p. 
reactance started salient pole synchronous motors 
each driving in tandem 3 D.C. generators for Ward- 
Leonard control of steelworks motors, two 1,500 kW 
220 volt motor generator sets, a 385 h.p. frequency 
changer, and two large flatback switchboards. 

Much work has been undertaken in con- 
nection with paper mill electrification. A most 
comprehensive installation which embodies the 
“Witton” unit sectional drive for a _ paper 
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making machine was completed about a year ago 
for The Imperial Paper Mills, Ltd., Gravesend, Kent. 
Shortly afterwards this firm placed an order for 
another equipment of this type. Plural starter 
apparatus is also being supplied to control 31 
auxiliary machines varying in output from 40 to 
300 h.p., and the control of the most vital of these 
machines is brought to a central control desk. 

The “Witton’’ unit sectional drive has been 
installed also at The Dartford Paper Mills, Ltd. In 
this case there are nine interlocked sections with 
speed governing apparatus which has an accuracy of 
0-25 per cent and covers a 10/1 speed range. 

An interesting scheme was the oil refinery 
of Lobitos Oiulfields, Ltd., Ellesmere Port, Cheshire. 
The motors for this refinery totalled about 
600 h.p. One of the drives is shown in fig. 31. 
The atmosphere in which many of the machines 
have to work is highly charged with petrol and other 
inflammable vapours, and therefore they are of 
flame-proof construction as tested and approved by 
H.M. Department of Mines at Buxton. 

Electrical equipments for winding plant are still 
in demand for South Africa. Typical of these is a 
contract for the West Rand Consolidated Mines, Ltd., 
which includes four 1,750 h.p. D.C. Ward-Leonard 
controlled winder motors, and two 2,600 kW motor 
generator sets. Iwo of the winder motors erected 
in Witton Engineering Works are shown in fig. 32. 

The electrical plant for grain elevator schemes in 
the Argentine affords another example of export 
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large transformers, and H.T. and L.T. cubicle 
switchgear. Plant for another grain elevator scheme 
is in hand for Geelong, Australia. 





= a ee 
. ao ~~ 


Fig. 31.—45 h.p. flameproof motor driving a chiller 

vacuum pump in the treatment section of the Refinery 

of Lobitos Oilfields, Ltd. A large number of similar 

motors are installed and are remote controlled from the 
switchboard shown in fig. 30. 


An overseas scheme of magnitude 
is that for the Petaling Tin Ltd. 
(F.M.S.). The chief items of 
plant required are 20 induction 
motors with outputs ranging from 
5 to 450 h.p. and totalling 1,800 h.p., 
32 D.C. motors totalling 400 h.p. 
with plural starting equipment, 
auxiliary generating plant, cables and 
lighting fittings. 


ELECTRIC TRACTION. 


Increasing use of the trolley ’bus 
is being made by traction under- 
takings in many parts of the world 
and during the year equipments 
have been completed or put in 
hand in Hobart (Tasmania), Perth 
(Australia), London Transport, 
(several hundred equipments per 


Fig. 30._-Industrial type switchboard at the refinery of Lobitos Oilfields, A.M.E.T.E. Ltd.,) South Lancashire 


Ltd., Ellesmere Port, Cheshire. 


work. There are four individual grain elevators, 


for which 250 motors are being supplied with a 
total capacity of 8,000 h.p. In addition, the 
contract includes all the associated control gear, six 


Transport Co., and Pretoria, South 

Africa (34 equipments.) 
Among the various types of equipment which 
are now available, ranging from those consisting of a 
simple series field motor with field diversion to the 
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more complicated regenerative equipment with rheo- 
static braking, one type has come to the fore during 
the year. This comprises a compound motor having 
a small amount of shunt winding, together with a 





Fig. 32..-Two 1750 h.p. 550 volt, 300 r.p.m. D.C. motors taken during 
construction for the West Rand Consolidated Mines, Ltd. 
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(fig. 13) are for combined battery and third rail 
operation, together with automatic battery charging 
from the third rail. The locomotives are required for 
low speed operation and a simple form of equipment 

was designed, comprising a series 

» ga parallel or parallel combination for 

cK —s the four motors on each locomotive. 
This, in conjunction with several 
finely graded starting resistances, 
resulted in a locomotive that has 
met all the requirements demanded 
in service. 
A number of interesting traction 
equipments have been completed 
for the Glasgow Subway and 
embody four 65 h.p. motors per 
motor coach with a simplified 
form of electro-pneumatic contactor 
control gear mounted on a platform. 

A considerable amount of de- 
velopment has been carried out in 
connection with apparatus for 1,500 
volt locomotives and multiple unit 
trains. For example, an entirely 
new pantograph (fig. 33) has been 
designed and is of the single pan 
type which is now regarded as the 
most suitable for most purposes 
other than that of very high speed. 
It is considered to be the best type 
of pantograph for multiple unit 
coach work for speeds up to 65 
miles per hour. 

The new design has a special 
method of springing between the 
pantograph and its frame, while 
new manufacturing methods and 
the use of new materials have 
resulted in a great reduction in 
weight. 

As the upward pressure of a 
pantograph is based on consider- 
ations of current collection it follows 
that the lighter the pantograph and 
the more sensitive the springing, the 
better will it follow the overhead 
line and avoid sparking, which 
causes wear on the line and 
interference with radio reception. 


Fig. 33.—-Single pan type pantograph suitable for 1,500 volt operation and 


for speeds up to 65 m.p.h. 


method of control which provides a good motoring 
characteristic and rheostatic braking. The Pretoria 
equipments represent the latest type of this design. 
Six locomotives have been supplied to London 
Transport for maintenance and constructional work 
on the tube and surface sections. These locomotives 


MARINE ELECTRIFICATION. 

A large amount of equipment 
has been supplied for installation in many new 
ships under construction. This equipment includes 
generators, motors, and switch and control gear 
for a wide range of applications. For a new 
refrigerated cargo vessel built for the New Zealand 
Shipping Co., the installation includes main 
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switchboard, refrigeration switchboard, plural starting 
equipment for motors driving engine room auxili- 
aries and winch and windlass distribution boards. 
It should be mentioned that this is the eleventh 
ship of this line for which similar equipment has 
been supplied, the last eight of which have been 
equipped with the G.E.C. plural starting system. 

A total of 146 motors and starters ranging in 
capacity up to 95 h.p. together with six 330 kW engine 
driven generators has been manufactured for two 
new ships of the Blue Star Line. This 
brings the number of Blue Star vessels 
equipped during the last few years with 
similar plant, up to a total of 17. 

An interesting scheme was for the manu- 
facture of several 14 kW portable engine 
driven generator sets for a salvage tug built 
by the Taikoo Dockyard Co., Hong Kong. 
The sets are intended for lowering on to 
the decks of wrecks to supply power for 
various purposes. 

Motors, starters and generators have 
been supplied for three small coastal ships 
being built in the Far East. 


ELECTRICALLY OPERATED LIFT DOORS. 


During the last few years much experi- 
mental work in connection with lift doors 
has been accomplished at the Express-S.M.S. 
Lift Works, Northampton. Some of the 
earlier results achieved have been described 
previously in this Journal. The electrically 
operated doors then in operation proved 
successful in most respects, but it became 
evident that a uniform speed of operation was 
difficult to control, especially when deceler- 
ating. An oil dash pot was employed but 
it was realised that this device was unnecessary 
if the speed of the door followed the sine 
wave form. Means to this end have now 
been developed, so that the oil dash pot is not 
required. Moreover, the new mechanism 
employed is inherently self-locking, thus 
eliminating the lock which previously was 
indispensable. This mechanism is styled 
the harmonic operator. 

The general principle of the apparatus now 
employed involves separate operators for each set 
of doors on the landings and in the car. Such 
Operators are known as “individual operators.”’ 
One of the outstanding advantages of this type of 
apparatus over others is that a maximum degree of 
quiet running is ensured. The operator consists of 
a motor driven worm reduction gear unit fitted with 
seals to prevent oil leakage. The driving motor is 
usually of the 3 phase squirrel cage type, so that 
running noises associated with brush gear are not 
present. The operator, however, can be made 


Fig. 


suitable for direct current supply if necessary. A 
friction clutch drive is employed which is so adjusted 
that it will transmit power slightly in excess of that 
actually required to move the doors, and any person 
attempting to enter or leave the car while the doors 
are closing would experience no difficulty in reversing 
their movement against the action of the operator. 
The links which are attached to the doors are 
connected to the clutch bar, and rotation of the latter 
through a semi-circle completes the opening or 





34. -Mechanism of the new electrically operated 
lift doors: view shows doors opening. 





Fig. 35. -The closed position of the doors shown in fig. 34. 


closing of the doors. The bar ends its movement in 
a horizontal position, thus providing a positive lock 
and rendering unnecessary a separate mechanical 
locking device, with its associated operating ramp 
on the car. The circular motion of the clutch bar 
causes the rate of movement of the doors to commence 
and finish at a very low speed and since the radius of 
the clutch bar limits the distance of travel, slamming 
cannot occur. 

When the operator is applied to a collapsible 
gate the movement of the latter is adjusted so that 
with the operator in the fully open position the 
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gate is not completely collapsed and a considerable 
degree of quietness in operation is thus obtained 
since the vertical bars of the gate do not touch each 
other. 

Reference was made above to the quietness of 
running of the operators. This feature depends on 
many factors, one of importance being the true 
running of the door on its tracks. In earlier designs 
two separate hanger brackets, each with a roller, 








Fig. 36.—-Pulverised fuel installation at Chatterley 
Whitfield Collieries, Ltd. 


were employed for each door panel. Experience 
on a number of installations demonstrated the 
extreme difficulty of aligning the two rollers with 
that degree of accuracy necessary to enable the door 
to run truly on its tracks. In consequence the doors 
instead of following a straight line course followed a 
slightly sinuous track with the result that running 
noises were set up between the rollers and the track. 
This difficulty has been overcome by making one 
wide hanger bracket for each panel. This hanger 
bracket is made of steel plate which is bent to shape 
and fitted with two rollers which are truly aligned in 
the bracket. The rollers are fitted with bakelite tyres. 

A further improvement has been made by round- 
ing the top edges of the steel tracks thus ensuring 
that the rollers run truly and eliminate rubbing 
between the flanges of the rollers and the sides of 
the track. 


MATERIALS HANDLING PLANT. 


The coal storage and reclaiming plant for the 
Singapore Harbour Board is being extended by the 
addition of two self-contained semi-automatic ship 
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bunkering plants which have been developed at 
Fraser & Chalmers Engineering Works. The first, 
which is a land machine, travels on an existing 
crane track and forms a link between the coal storage 
and the vessel berthed alongside the wharf. The 
second is a floating plant which can be towed along- 
side the vessel to be coaled, the supply being grabbed 
by a 34 ton grabbing crane from a barge which has 
been filled previously by means of a barge-loading 
conveyor. The crane has the usual hoisting, 
luffing and slewing motions but a new feature is the 
provision of a G.E.C. patented MacFarlane winch 
for controlling these motions. The extreme flexi- 
bility of this winch permits the operator to handle 
his grab in a very efficient manner and, due to the 
ease of control obtainable from the constant running 
power unit, a total of 75 trips per hour is possible. 

As in the case of the original storage and re- 
claiming plant, the various component items of the 
bunkering plants are motor driven, and the 
methods of control employed possess many novel 
features. In view of the great interest attaching to 
this extensive coal handling plant it is hoped to 
publish a detailed description in a future issue of 
this Journal. 


PULVERISED FUEL PLANT. 


One of the largest pulverised fuel installations 
firing Lancashire boilers has been put into service at 
Chatterley Whitfield Collieries, Ltd., Tunstall, 
Stoke-on-Trent (fig. 36). The plant consists of a 
complete coal storage, milling, feeding and burning 
equipment for ten 30ft. « 9ft. Lancashire boilers fitted 
with economisers and superheaters. The layout is in 
two. batteries of five boilers, each complete with a 
100 ton pulverised coal storage bunker and Hardinge 
mill with a capacity of 5 tons per hour. Provision 
is made for either mill to feed either bin if required. 

In addition an extensive conveyor system is 
included for transporting the aspirated dust from the 
de-dusting plant to the 500 ton raw coal storage 
bunker at the boiler plant. 


FLUORESCENT LAMPS. 


The 400 watt “Osira’’ electric discharge lamp 
in a fluorescent bulb introduced during 1937 was 
followed in 1938 by two further types, namely, the 
80 and 125 watt lamps with quartz discharge tubes. 
The outer bulbs are of normal shape (see fig. 37) 
but of somewhat larger dimensions than the 
non-fluorescent lamps of the same rating, as 








follows :— 
Overall Light centre 
Watts. Diameter. length. length. 
m/m. | m/m. 
80 | et 25 178 + 5.5 | 123 + 5 
125 | 130 + 1.5 233 + 7 | 167 + 6 
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Colour rendering is much improved and the 
lamps will have the same initial efficiency as the 
non-fluorescent lamps, viz :— 


80 watt—38 L/W. 
125 watt—40 L/W. 


+ 5.5m | 
178+ 5-5'm 933 +7™% ; 


/ \ | 
| | 


k——110 * 1-5" * 


a? 130 = 1 7 Bn - 
80 WATT | 125 WATT 


Fig. 37.—-Dimension drawings of the new ‘‘Osira’’ electric 
discharge lamps. 


MINERS’ BULBS FILLED WITH KRYPTON GAS. 


Miners’ lamp bulbs filled with krypton gas are 
available in the four most used types, listed in the 
table below, which gives also the improvement to be 
obtained over the corresponding ratings filled with 
argon gas. 








Initial efficiency L/W. | Percentage 
Type. _ —_—_—___—_—1 improve- 
Krypton. Argon. ment. 
a2 ¥,. 2.5m. | 8.75 Pe 16.7 
2.9 Vv. 1.75a. 9.00 eva 20.0 
4.0v.0.75a. | 11.00 8.50 29.4 
4.0 v. 1.0a. 12.65 9.50 33.2 
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Fig. 38.—Dimensions in millimetres of krypton filled 
miners’ bulbs. The diameter of the bulbs has a 
tolerance of + 1 mm. 


Krypton being one of the rarest atmospheric 
gases (it is contained in the proportion of only 


about one part in a million) is very expensive to 
extract and its use will be confined to those types 
in which the advantage gained is considerable. 
Such lamps will be manufactured in the smallest 
practicable bulb ; fig. 38 illustrates full size examples 
of krypton filled miners’ bulbs. 

The importance of this development cannot be 
exaggerated. Numerous Government Committees 
have confirmed that the low illumination under 
which miners, in general, work is fundamentally 
responsible for miner’s nystagmus (a painful and 
incapacitating disease of the eyes). Apart from the 
humanitarian aspect, the cost to the mining industry 
is very high. In “The report by the Depart- 
mental Committee on certain questions arising 
under the Workmen’s Compensation Act,” issued 
by the Home Office, 1938, it is stated: ‘“‘The cost 
(of miner’s nystagmus) is at present about £450,000 
per annum in compensation alone.”’ 

Taking the loss of output into consideration the 
total cost to the mining industry cannot be much 
less than £1,000,000 per annum. However, the 
strenuous efforts made in recent years to increase 
the illumination in which the miner has to work 
have met with considerable success. In 1932 
10,638 persons were in receipt of compensation and 
this dropped in 1936 to 7,724 persons. 

It can be predicted with confidence that the 
further improved illumination provided for the 
miner by Krypton-filled bulbs will result in a 
further decrease in the number of persons in receipt 
of compensation for miner’s nystagmus. 


IMPROVEMENT IN FUSE DESIGN—G.L.S. LAMPS. 


One of the difficulties in the development of the 
coiled coil lamp was that the reduced length of 
filament resulting from double coiling shortened the 
path between electrodes in such a way as to increase 
the tendency towards flash-over upon normal failure 
of the filament at the end of life. This tendency 
would have made the coiled coil lamp very unpopular 
with the user had not some means been provided to 
protect the consumer’s local fuse at the moment of 
failure. It is now well known that this took the 
form of internal lamp fuses and it has been welcomed 
by users as an improvement quite apart from the 
advantage of increased light output obtained by 
double coil construction. 

The introduction of these fuses, however, was 
not quite so simple as might appear at first sight and 
difficulties were met with which would be too 
numerous to describe in this article. 

Broadly, the fuses must be isolated from the 
shell of the cap otherwise they may accentuate the 
very action they are intended to avoid. Several 
methods of construction are possible but the most 
convenient is illustrated in fig. 39(a) in which two 
three-part leads are shown, of which the uppermost 
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parts are the fuses. They are isolated from the cap 
shell by a glass lining and the cement employed for 
capping, but are otherwise left quite bare, fig. 39(b) 
showing the complete assembly. This method has 
the disadvantage, however, that the fine fuse is 
subject to corrosion, particularly at its hotter end, 
and if this action goes far enough the fuse may even 
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Fig. 39.—Early method of fitting fuses into 
coiled coil lamps. 











fail before the filament, in which case the remainder 
of the potential lamp life is wasted. Finally, however, 
a four-part lead was evolved in which the fine fuse 
wire is totally enclosed in a glass tube as in fig. 40(a). 
The complete assembly is shown at fig. 40(b). It will 
be observed that the fuse is not only prevented from 
flashing over to earth on failure of the lamp but is 
also protected from any corrosive action. 
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lamps used for sound film recording; the exciter 
lamp and the recording tube. The exciter lamp is a 
special type of filament lamp giving a steady light 
which is modulated according to the received sound 
signal by means of a mechanical shutter and these 
need not be referred to. The recording tube is a 
discharge tube in which the source of light, i.e., the 
glow discharge, is itself modulated according to 

the incoming signal. 
It is well known that in the modulation of a 
glow discharge the inertia effects are negligible. 


GLASS 
(VITRITE; 
LINING 


CAPPING 
CEMENT 


In other words, the intensity of the light emitted 
follows exactly the modulation of the received 
signal up to very high frequencies. It can thus 
provide a record on the sound film quite free 
from distortion. 
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Fig. 40.—Latest method of fuse mounting in coiled coil lamps.. 


This construction has become standard for all 
Osram 100 watt coiled coil lamps and may be ex- 
tended to lamps of other ratings, but as the scale of 
wattages is descended the tendency for corrosion 
of the fuse is reduced owing to the lower temperature 
of operation, and the need for a special construction 
is correspondingly less. 


NEW NEGATIVE GLOW TYPE DISCHARGE TUBE 
FOR SOUND FILM RECORDING. 


There are two fundamentally different types of 





In the Osram sound film recording tubes 
previously available the portion of the glow used 
is what is known as the positive column and the 
intensity of the light emitted is improved by 
the addition of mercury vapour which gives a 
bright blue highly actinic glow suitable for most 
kinds of recording. 

For some purposes, however, there is a 
drawback to this type of lamp and that is the 
minute or so required, after switching on, for 
the mercury to vaporize and 
attain its full intensity of 
radiation. Sound recording 
units used by the newsreel 
producers have often to be 
switched on at short notice 
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Fig. 41.—Sound film re- 
cording tube, type N.G. 


and be ready for recording in a few seconds, which 
clearly precludes the use of a tube which takes 
something like a minute to come into operation. 

To meet the requirements of this class of work, the 
Osram sound film recording tube type N.G. (fig. 41) 
has been developed. In this tube the portion of the 
glow employed is what is known as the negative glow 
and is a thin line of intensely actinic violet light 
sheathing the filament-shaped cathode. This glow 
reaches full development within a second of 
Switching on. 
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Apart from the rapidity with which the negative 
glow tube may be brought into action it has the 
further advantages of low current consumption and 
low starting and running voltages. The linear source 
of light, also, is a useful feature for 
some systems as it matches the shape 
of the slit placed in front of the record- 
ing film. The characteristics of the 
negative glow tube are :— 


Starting voltage —c. 300V. 

Running voltage—c. 250V. 

Normal running current—10 milliam- 
peres. 


The light is suitable in character 
for recording on either positive or nega- 
tive stock. 

To offset the advantage above 
mentioned, the negative glow tube can- 
not at present be made with the same 
life as the other types of Osram tubes ; 
its average life is 10 hours. But for 
newsreel recording, where the shots are 
as a rule much shorter than in studio 


work and where, in any case, the tube Fig. 42. 


need not be switched on till the moment 

it is wanted, the apparent difference 

between this life and the 100 hours life of the 
positive column types is not so large as, at first 
sight, it would appear. 


INVERTED BI-POST CONSTRUCTION. 


The problem of making a 5 kW projector lamp 
of robust construction for use in a mobile unit has 
been investigated. The normal glass seal proved too 
fragile to carry the heavy super-structure of the 
filament and its supports in the conditions referred 
to above, and a design which has become known as 
the “inverted bi-post construction’’ was adopted. 

The introduction of bi-post lamps was mentioned 
in an earlier issue; the present application is the 
bi-post construction inverted to provide an extremely 
robust foundation for the filament structure. Fig. 
42 shows the old and new lamps respectively ;_ the 
difference will be obvious. 


SASHALITE BULBS. 


During the past year the Sashalite range has been 
extended by the addition of a “‘miniature’”’ bulb, and 
a “‘long-flash’’ type in both the large and “‘baby”’ 
bulbs. 

It has become the practice, in press photography, 
to use apparatus which synchronises the operation 
of the camera-shutter with the firing of the flash- 
bulb. It is for such devices that the “‘long-flash’’ 
Sashalite bulb has been developed, the length of 
flash having been extended to cover any slight 
inaccuracies in the synchronising apparatus. 


The usefulness of the miniature Sashalite is 
self-evident and its comparative size can be judged 
from fig. 43 which shows from left to right, the large, 
baby and miniature bulbs. 





‘Old (left) and new (right) forms of projector lamps 
showing the new inverted bi-post construction. 


The following table gives the characteristics of 
each of the Sashalite bulbs now manufactured. 





No. Sashalite Length of Light Output 
Bulb. Flash. approx. 
l Large Standard 1/70 sec. 40000 Lumen-secs. 
2 Large Long Flash i <. 55000 i 
3 Baby Standard 1/90 ,, 20000 
4 Baby Long Flash Bae 30000 
5 Miniature 1/60 ,, 20000 














Fig. 43.—-A range of Sashalite bulbs. 


CEMENTLESS CAPPING. 

The cements used for attaching caps to electric 
lamps are liable to deteriorate at high temperatures 
and to allow caps to become loose. 
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In General Lighting Service lamps this trouble is 
rarely met, but in projector lamps, where high 
wattages are dissipated in comparatively small bulbs, 
the cement may reach temperatures exceeding 150°C. 
As a solution, a method has been devised of moulding 
the tops of the bulbs in such a way as to allow the 
attachment of caps by purely mechanical means, 





Fig. 44.—-A new method of attaching caps to lamps. 


without the use of any cement whatever. An example 
of this is shown in fig. 44 which represents a 1000 
watt Class B. floodlighting lamp fitted with a 
cementless cap. 

A patent has been applied for to cover this method 
of attaching caps to lamps. 


STREET LIGHTING LANTERNS. 


Two new designs of street lighting lanterns have 
been produced for use with 250 watt and 400 watt 
“Osira’’ lamps. One is for use with the standard 
“QOsira’’ lamp burning vertically and the other with 
the same lamp burning horizontally. 

The lantern for use with the lamp burning 
vertically, fig. 45, retains the standard shape of 
optical refractor, but its body is designed on novel 
lines. Construction from light alloys has resulted 
in a saving of approximately 8 lb. in weight, whilst 
the structural design has greatly increased the 
strength of the lantern. 

The lantern consists of three parts: the spun 
top, a cast ring which takes the main weight of the 
lantern, and a hinged spring ring which holds the 
glass difractor bowl. A new method of suspension 
has been adopted; the cast ring has at one side a 
large boss, and into this slides horizontally the 
bracket arm which is gripped by two drawbolts. 
Thus a very rigid method of suspension is obtained 
at the strongest part of the lantern. 
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The structural strength of the lantern has been 
examined on a machine designed to reproduce the 
excessive vibration experienced on trolley bus 
poles. In some situations the lantern was obser- 
ved to rise and fall as much as six inches at a 
frequency of 250 cycles per minute, thus putting 
very heavy strains on the lantern body. The machine 
illustrated in fig. 47, is capable of adjustment for 
various throws and for circular and linear motion 
of the fitting under test. 





Fig. 45. —-Difractor street lighting lantern to accommodate 
vertically mounted ‘‘Osira’’ lamp. 


In another test the lantern has been run on 
overload while warm salt-spray was blown continu- 
ously over it in order to test the paint-work and the 
resistance of the metalwork to corrosion by salt-laden 
atmospheres. It has been subjected also to water 
splash equivalent to tropical rainfall to test its 
resistance to water entry and the capacity of the 





Fig. 46.-_-A lantern for horizontally mounted ‘‘Osira’’ 
lamps. 


glass to withstand cracking. Temperatures of 
different parts of the lantern have been measured 
in a special compartment, so as to establish that 
the temperatures at these points was not excessive. 

A further development has been made in the 
prismatic arrangements of the refractor used with 
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this lantern. In its original form, the optical system 
formed on the sides of the refractor consisted of 
two main gangs of internal vertical prisms working 
in conjunction with shallow vertical flutes on the 
exterior surface. These prisms and flutes produced 
the main redirection of light up and down the street. 
On other parts of the refractor 
external diffusing prisms were pro- 
vided. The function of the 
combination of prisms and flutes 
was to cause the brightly flashed 
area to be spread over the whole 
side of the lantern, thus minimising 
glare and giving it an attractive 
appearance. In the new design, 
this same effect has been achieved 
by curving the faces of the internal 
prisms so that they provide in 
themselves both redirection and 
diffusion. The external sides of 
the glass are smooth and easy to 
clean. 

The body of the lantern used 
with the lamp burning horizontally 
is also constructed of light alloys 
and the method of suspension is that 
described above. 

The lantern is totally enclosed. 
Flat prismatic glass plates, again 
using curved face prisms, are 
built into the lantern sides. They are sealed 
with a plastic cement to outer diffusing panels, 
all the prisms being hermetically enclosed 
so that no dust can be deposited in the angles 
between the prisms. The bottom opal panel is 
hinged, giving access to the interior of the lantern. 

The lampholder swivels downwards for easy 
removal of the lamp. 

The pressed top is removable and gives access to 
the magnetic deflector which is used to keep the arc 





Fig. 47.._-Machine for mechanical vibration testing of 
street lighting lanterns. 


in the ‘‘Osira’”’ lamp horizontal. This deflector is in 
series with the lamp, and has a very low watts loss. 


“OSIRA’”’ LIGHTING. 


The re-lighting of most of the main roads of 
Hammersmith by “Osira’’ lighting has just been 





Fig. 48._-High Street, Dunstable, lighted by means of ‘‘Osira’’ lamps in 


Difractor lanterns. 


undertaken and eventually will cover between 8 
and 10 miles. The new Difractor lantern is being 
used, also the new G.E.C. design of steel column. 

“QOsira”’ lighting is being installed overseas on a 
considerable scale. The largest street lighting 
installation is in Johannesburg, where there are 
approximately 1,000 lamps. 

“Osira’”’ high pressure mercury vapour lamps are 
now used to light playgrounds, garages, football and 
tennis grounds, and petrol stations, docks, wharves 
and jetties, sewage farms, parade grounds, coach 
stations, civic centres, works roads, factory approaches 
and sites, demolition and reconstruction works, and 
building operations. 


CINEMA STUDIO LIGHTING. 


A new range of effect set illuminators (fig. 49) 
is being introduced. The first of these takes a 
1 or 2 kW bi-post projector lamp. It has a cast 
aluminium body in halves, hinged about the lateral 
axis of the lens so that it may be opened for lens 
removal and for lamp and mirror focussing. 

Any one of the optical components of the unit 
can be removed or cleaned without interfering with 
any other part of the unit. Two different types of 
mirror can be supplied, either a heavy silvered 
spheroidal glass mirror, 9}ins. diameter, or a grown 
copper rhodium plate mirror. The fixing is so ar- 
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ranged that, once focussed at the works, the mirror 
can be removed for cleaning or replacement without 
any possibility of getting out of focus. 

The 10in. lens is the new G.E.C. patent “‘black”’ 





Fig. 49.—-One of the new range of effect set illuminators 
for cinema studio lighting. 


lens designed to give maximum intensity in the spot 
position, at the same time preventing spill or stray 
light from internal prism reflection. When used 
with a 2 kW flat grid filament bi-post Osram 
projector lamp, this unit gives about 4,500 foot 
candles in the spot position to a distance of 10ft. 
and can be spread to cover an area of 8ft. diameter 
at the same distance. 


AERODROME LIGHTING. 


Equipment has been supplied for lighting many 
aerodromes both at home and overseas, one of the 








Fig. 50.—Decorative luminous columns in conjunction with 3-colour 
dimmer-controlled ‘‘Osira’’ fluorescent tubing in cornices are used 
to illuminate Manchester Corporation Electricity Showrooms. 
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most prominent being the Manchester Aerodrome 
which has been fully equipped. At Liverpool all the 
old stalk type boundary lights have been converted to 
the new cone type boundary lights, whilst at Croydon 
a further floodlight has been installed together with 
a new design of wind-sleeve. Five more of the Indian 
aerodromes have been equipped whilst Port Elizabeth 
Aerodrome is being supplied with two aerodrome 
floodlights, wind tee, neon beacons and obstruction 
lights. 








Fig. 51.—Indirect lighting in the Banking Hall at the 
Bank of Australia, Melbourne. 
DECORATIVE LIGHTING. 

The most notable tendency in 
decorative lighting has been due to 
the demand for even greater in- 
tensities of illumination in public 
buildings, hotels, stores and the like. 
Such higher intensities cannot be 
obtained by the use of luminous 
pendant fittings of the type which 
has been familiar for years, simply 
by increasing the size of the fittings 
and the lamp wattage, without a 
certain amount of discomfort due to 
the volume and brightness of the 
light from each fitting. Consequently 
it has been necessary to develop 
types of fittings designed to give 
high illumination without _ glare, 
and this has led first, to a very 
great increase of high wattage 
indirect lighting units, and secondly 
to the incorporation of louvres or 
refractor plates in the bottom of 
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the fittings to direct a large downward component 


of light at such an angle that it cannot cause glare 
in the eye of the normal observer. 

In the manufacture of indirect fittings, anodised 
aluminium, both plain and coloured, is playing a 
large part: its high efficiency and permanency as a 
reflector combined with its lightness making it ideal 
for the purpose. 

For domestic lighting there has been a demand 
for decorative pendants and brackets employing 
rough cast glass in conjunction with old silver or 
old gold cast metalwork. In these and other designs 
there is evidence of a return to fittings of the candle 
type but employing higher efficiency pearl lamps as 
light sources. 

The demand continues for fittings designed to 
harmonise with period furnishing but at the same 
time to take advantage of modern lighting facilities. 


SHOP LIGHTING. 


The demand for increased illumination n- 
tensities for shop lighting has been particularly 
noticeable, much thought having been directed 
towards the design of fittings to give higher inten- 
sities on counter levels without undue increase of 
wattage. To this end the range of diffusing glass 
fittings with open bottoms introduced during 1937 
has been extended, and a range of similar fittings 
with concentric louvres added. 

Louvre units to sink flush into the ceilings of 
shops, and embodying high efficiency narrow angle 
reflectors for downward lighting, have been employed 
in a number of instances in conjunction with some 
form of indirect lighting to relieve the darkness of 
the ceiling. Combinations of Osram tungsten and 
“Osira” high pressure mercury 
vapour lamps have made some head- 
way, both for shop window lighting 
and for shop interior illumination. 
In the case of shop window lighting, 
the T.O.T. system, where one 80 watt 
“QOsira’”’ lamp is placed between each 
150 watt tungsten lamp, has proved 
particularly effective where the lamps 
are installed in existing shop window 
reflectors or in the special T.O.T. 
reflector designed to take three 
lamps in a single unit. Pendant 
fittings to give a similar mixture of 
light for interior use have been 
designed in indirect, semi-indirect 
and louvred types. In some cases the 
chokes are embodied either in the 
top of the fitting or the ceiling 
canopy and in others they are kept as 
a separate unit. 

Other special fittings produced 
include a ceiling type diffusing glass 


Fig. 53. 





Fig. 52.—The first class dining saloon of the 
s.s. ‘‘Stratheden’’ showing decorative lighting fittings. 


fitting designed to mount against the ceiling 
without any visible metalwork, and arranged with 
a hinge operated by a single lever to give quick 
release for re-lamping and cleaning purposes. 

A fitting for hospital ward lighting is in the 
form of a diffusing glass sphere with a shallow 
dish set into the top. A lamp of normal wattage 
in relation to the size of sphere gives general 
illumination of the ward at times when full lighting 





Decorative lighting units in the Assize Court, 
Manchester. 
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is required, while two 15 watt pygmy lamps placed 
in the top dish—connected one to the emergency 
lighting system and one to the normal pilot lighting 
system—provide indirect illumination of low intensity 
for the convenience of night staff or for use in 
emergency. 


‘‘OSIRA’’ FLUORESCENT TUBE LIGHTING. 


Great advances have been made both on the 






















Fig. 54.—-An unusual arrangement of 
open sphere fittings in the Garden 
Club at the Glasgow Exhibition. 


manufacturing side and in the appli- 
cations of ‘‘Osira’’ fluorescent tubes. 
Increased tube efficiencies have been 
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a complete sales floor for Hall Crown Stores Ltd., at 
Croydon, where the combination of tubes has been 
chosen to set off goods in their natural colours, and 
the equipment of public rooms in several passenger 
ships where in every case the installation has met 
with the complete approval of the Board of Trade 
and Lloyds. One of these installations, namely 
that in the wireless room of the “Queen Mary,”’ is 
of special interest in that before it was installed tests 
were made to ensure that no interference with 
wireless reception was caused on any wave- 
length of the complete transmission range. 


INDUSTRIAL LIGHTING. 


The range of flameproof fittings has been 
extended to include a 200 watt pendant 
fitting and a 1,000 watt floodlight, the 
latter being on similar lines to the 500 
watt floodlight introduced during 1937; 
it is restricted to flameproof conditions 
other than cellulose spraying shops. This 
unit has filled a long-feit want in connec- 
tion with long range projection work on 
oil depots, refineries, etc. Other industrial 
units introduced include a _ garage pit 
fitting designed to mount in recesses in 
the pit walls, and a bakelite hand lamp 





obtained, new colour combinations 
have been introduced, some of which 
give an extremely close approximation 
in colour quality to north sky daylight, 
improved dimming has been obtained 
and auto-transformer units designed 
to fit into the electrode boxes have 
been perfected so as to make possi- 
ble the introduction of self-contained 
standard units requiring no external 
high tension wiring. These various 
developments were referred to comprehensively in 
a previous article in this Journal.* 

In connection with fluorescent tube work arrange- 
ments have been made whereby it is now possible 
for repair branches to carry out repair and mainten- 
ance work in fluorescent tubing. This is a point 
of great importance in service work. 

Among interesting installations completed are 
several gauge rooms in aeroplane factories where, after 
full experience, the quality of light is considered to be 
ideal for the trying work involved ; the equipment of 


. G B.C. Journal, Vol. IX, No. 3, August, 1938. 


Fig. 55.—‘‘T.O.T.’’ shop window lighting in 
Edinburgh. 





the windows of Binns Ltd., 


complying with Home Office regulations and made 
available in two patterns, one for use with 40/60 watt 
General Service lamps and the other fitted with 
S.B.C. holder to be used with 12 volt lamps in 
conjunction with a transformer. 

Lighting by high pressure mercury lamps is 
being extended continually in industry and many 
installations employing the 400 watt ‘“Osira’’ 
fluorescent lamp have been completed. 


FLOODLIGHTING. 


A new floodlight has been introduced for use 
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with the high efficiency 100 watt sodium lamp, 
replacing the lower efficiency lamp unit previously 
on the market. 

The demand for floodlights, except for new 
buildings, has not been so great as during the years 
of the Jubilee and Coronation, but a considerable 
amount of floodlighting was carried out for the 
Scottish Exhibition. Full technical details of the 
equipment supplied by the G.E.C. for this exhibition 
have been published previously in this Journal’. 


‘‘OSIRA’’ BLACK LAMPS. 


“Osira’’ 125 watt black lamps, introduced during 
1938, have found numerous applications mainly in 
conjunction with fluorescent powders for special 
fluorescent decorative effects. The black lamp 
consists of a 125 watt quartz lamp enclosed in a 
bulb containing nickel oxide. The bulb is practically 
opaque to light in the visible region, but transmits 
ultra violet of wave length about 3,650 AU which 
is suitable for exciting fluorescent powders. No 
ultra violet radiation, which would be physiologically 
harmful, is transmitted. 


ARTIFICIAL DAYLIGHT. 


The Claudgen artificial daylight type of high 
tension unit employing carbon dioxide discharge has 
been improved by the design of improved electrodes 
giving approximately 100 per cent greater life on the 
earlier 500 watt portable unit. This improvement 
in the technique of electrode design has prompted 
the introduction of two additional units based on the 
same feeding principle. One is a 250 watt unit of a 
semi-decorative pattern for use in shops. The other 


5 G.E.C. Journal, Vol. IX, No. 4. November 1938. 
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is a 1,100 watt unit arranged for wall mounting 
over a bench; it covers a length of about 5 feet to 
an intensity of the order of 40 foot-candles for 
industrial colour matching work. 


CLAUDGEN INSTALLATIONS. 


The first large installation of high tension line 
indication apparatus utilising new tubes has been 
completed at Weston-super-Mare airport. 

Prominent installations embodying either Cleora 
fluorescent tubes or Claudgen high intensity tubes 
include the Locarno Dance Hall, Glasgow; the 
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Fig. 57._-Lighting of a garage pit 
by means of special fittings. 


London Hippodrome, The London 
Associated Electricity Undertakings 
showrooms in Regent Street, Marks 
and Spencer’s premises at the 
Pantheon in Oxford Street, and 
many others. 


SIGN MANUFACTURE. 


A new technique of box sign 
manufacture has been evolved which 
includes the swaging process in sheet 
metal work, and items such as manu- 
facturing mouldings in one piece 
with metal panels and an improved 
type of glass panel sign. Another 
innovation is the extending use of 
sheet iron with a fixed porcelain 
enamel finish in connection with 


Fig. 56.—Outdoor lighting of Manor House Sewage Farm, Reading. luminous tube sign backgrounds. 
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Fig. 58. 


These developments tend to reduce 
manufacturing costs, and to improve 
the quality of the product. 


HIGH TENSION CABLES. 


A large quantity of the various 
types of high tension cable has 
been installed, including 120 miles 
of single core 33 kV cable on 
the Gzillingham-Maidstone section 
of the Southern Railways, while 
the scheme for the Guildford- 
Reading section of the line is now 
complete. Extensive contracts for 


Fig. 59.—-An installation of overhead and side lighting with ‘‘Osira’’ lamps 
in the turbine works of the G.E.C. Fraser & Chalmers Engineering 
Works, Erith, Kent. 


Glassteel diffusers employed in the illumination of the 
drawing office of Dubiliers Ltd. 
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normal super-tension cable are being under- 
taken for the Corporations of Torquay, 
Cardiff and Southampton, and over 12 miles 
of 66 kV 3-core oil filled cable have been laid 
for the Central Electricity Board. This type 
of cable is being manufactured also for 
Edmundsons Electricity Corporation Ltd., 
and the City of Coventry. 


TELEPHONE CABLES. 


Two important advances have been 
made in telephone cable practice; first, it 
has been possible to increase the number 
of speech channels per circuit in the 24 pair 
carrier type cable from 12 to 36. This is 


due to improvements in design and manu- 
facture, and in methods of installation. 
The second advance consists of the design 
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Fig. 60.—-An installation of ‘‘Osira’”’ 
lamps in the Midland works of 
Birmetals Ltd. 
of a co-axial cable, with joints and 
terminations to meet the special 

requirements of the Admiralty. 


LEAD EXTRUDING. 

The Pirelli-General lead extrud- 
ing machine was introduced in 
1933. Four of the new machines 
have been installed in the Cable 
Works and over two million yards 
of air spaced telephone and super- 
tension cables have been sheathed 
by these machines. Soon the 


remaining hydraulic presses will be 
replaced by lead extruding plant. 
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It is of interest that the well known 
German firm, Fried. Krupp Aktiengesell- 
schaft, has acquired the manufacturing rights 
of the machine for the continent, and has 
received orders for it from the principal 
cable manufacturers in Germany. 


AUTOMATIC TELEPHONY. 


The fundamentally sound basis on which 
the Strowger system was founded inevitably 
gave automatic telephone switching methods 
a long-term trend. Almost from the time 
of the original invention, progressive selection 
on a decimal basis by means of step-by-step 
mechanisms has been accepted as_ the 
best means of effecting a desired connection, 
and successive improvements within the 
system have never required any vital change. 
Progress must therefore be looked for in 
methods of application, and in details of 


apparatus and circuit design, such as would be _ Fis. 61. 


calculated to permit the more economical 
performance of something which techni- 
cally has already been achieved. One example, 
which will serve to illustrate this contention is a 
new uniselector which has come into extensive use 
and is to be the basis for a design to be standardised 
by the British Post Office. 

The uniselector principle of line switching has, 
in common with the Strowger system of which it 
is a part, a simple conception and a straight- 
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Underwater lighting by means of Osram horizon type lamps 
in special reflectors behind portholes in the new Ironmonger Row 


Swimming Baths, Finsbury, London. 


forward action. For a time, however, it seemed 
as if it was to be superseded but, particularly for 
heavily-trunked exchanges, it is returning to the 
favour which in some quarters it had never lost. 
This has led to the application of the new switch in 
conjunction with minor relays in a new line circuit. 
Three hundred of these line circuits can be mounted 
on a rack which previously accommodated only 200. 
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Fig. 62.—Two examples of Cleora fluorescent tube lighting : 
(left) Princes Cinema, Brighton, (right) the London Hippodrome. 








34 G.E.C. JOURNAL 


The resulting saving in space and weight is very 
valuable in large exchanges. 

The new uniselector (fig. 64) uses the original 
contact bank but is mounted on centres of 1? inches 





Fig. 63.—33 kV, 11 kV and auxiliary cables being 
installed at Newton Abbot Power Station of 
Torquay Corporation. 


instead of 2 inches. In comparison with its pre- 
decessor it possesses an increased speed of operation 
but requires less critical adjustment. The initial 
adjustments are therefore retained for a longer 





Fig. 64.—_-_New type uniselector for use in automatic 
telephone systems. 


period, or for the same period under heavier traffic 
conditions. Adjustment is now by means of a 
variation in the position of the knife-edge suspension 
of the armature, whereas previously the operating 
coils themselves had to be moved. The new method 
is simpler and more positive, and enables a secure 


February, 1939 


fixing to be used for the one operating coil which 
now performs the function previously requiring 
two coils. 


TELEPHONE TRANSMISSION. 


The general lines of future progress in telephone 
transmission are clearly marked; they extend to 
carrier systems providing an extremely large number 
of channels over circuits between the biggest cities. 
This is progress of a kind that will not render obsolete 
equipment being produced at the present time, 
because there must be always a call for say, single-, 
three, six and twelve-channel carrier systems. 

In such a technical subject technical advances are 
to be expected and can be illustrated by an example 
taken from the twelve-channel system. For the 
simultaneous amplification of the twelve-channel 
bands there has been designed a new line amplifier 
in which the need for a separate 40-volt grid-bias 
supply is avoided. The previous design of amplifier, 
such as is installed on the London-Cambridge- 
Leeds and London-Oxford-Gloucester circuits, was 
itself an improvement on others that required dry 
batteries for grid bias. The new design, using 
an automatic form of bias effects an improvement 
that can best be suggested by stating that the 
regulator panel seen in the forefront of fig. 65 and at 
present installed in all terminal and repeater stations 
on the two circuits previously mentioned, will not 
in future be required. The Osram valves incor- 
porated in the amplifier provide a further advantage 
in that the filament current required is reduced to 
1-5 amperes from the previous value of 2-1 amperes. 


REMOTE SUPERVISORY CONTROL. 


A feature under this heading is the extent of 
the progress that remote supervisory control can 
show overseas. An installation supplied to the 
Athens-Pirzous Electric Supply Company now 
controls four substations, which include among 
their equipment G.E.C. pumpless, air-cooled, steel- 
clad mercury-arc rectifiers. In Australia, the electric 
distribution on the Melbourne suburban system 
of the Victoria State Railways is to be remotely 
controlled and supervised. Thirty-eight substations 
and tie-stations are involved. Control and back 
indication of switchgear will be provided, together 
with on-demand metering and telephone facilities. 
An installation has been brought into service at 
Perth, for the control of a traction substation over 
pilot wires carrying voice-frequency signalling ; 
equipment has been despatched to New Zealand for 
the control of a large switching station also by means 
of voice-frequency signalling ; and equipment is to 
be supplied to the Buenos Aires Western Railway 
for the control of three traction substations, which 
will include further G.E.C. pumpless air-cooled 
rectifiers. 











nA >t — OO 


ad 


rT Ve (Vv -« VY SS WN iit 


{Vv ' 


dl 











PROGRESS DURING 1938 35 


Typical of the advances which have been made 
in technique is a system of remote metering in 
which a carrier current over an E.H.T. line is 
modulated by a voice-frequency current, itself 
controlled by photo-cell meters at the distant point. 
This will be part of a remote supervisory control 
system to be supplied to the order of Balfour, 
Beatty & Co., on the Spondon-Grassmoor and 
Spondon-Willoughby 66 kV power lines of the 
Derbyshire and Nottinghamshire Electric Power Co. 


AUTOMATIC TRAIN CONTROL. 


For a number of years the need of a satisfactory 
system of automatic train control has become 
increasingly evident and much experimental work has 
been done in this country, in the United States 
and on the Continent of Europe. 

The latest development in this direction has been 
introduced by the London Midland & Scottish 
Railway who for several years have carried out experi- 
ments on a large scale with the Hudd system of 
intermittent inductive control. The design of the 
apparatus used has now reached a state of finality 
and orders for the component units of engine and 
track equipment have been placed with The Siemens 
and General Electric Railway Signal Company, 
Limited. 

The working of the system is conveniently 
explained by reference to the diagrams in fig. 66. 

The equipment is intended to provide a warning 
to the driver some distance before reaching a distant 
signal, and if the distant signal is at “‘clear’’ a horn 
is sounded in the driver’s cabin for 1 to 14 seconds. 
If, however, the distant signal is at danger the horn 
continues to sound until the warning has been 
cancelled by the driver. Three seconds after the 
horn begins to sound a progressive brake application 
begins, and will bring the train to a standstill at the 
home signal even if the engine regulator is left fully 
open. 

The track apparatus at each signal location 
comprises an Alnico steel permanent magnet with 
its north pole pointing in the direction of travel of 
the train. About 10 yards nearer the distant signal 
an electromagnet is placed which is energised only 
when the signal is “‘off’’ and produces a polarity 
reverse from that of the permanent magnet. The 
inductors are fixed between the running rails at 
such a height that there is a working gap of 4 inches 
between the receiver on the engine and the top of 
the inductors. 

The receiver on the locomotive is in the form 
of a magnetic stick relay and comprises a cobalt 
steel permanent magnet pivoted between soft iron 
pole pieces. The armature carries a short arm 
on which is mounted a self-aligning button valve 
which is normally closed. Passing over a north pole 
deflects the armature and opens the valve, while the 


influence of a south pole causes it to return and close 
the valve. Passing over the north pole of a permanent 
inductor thus causes the button valve to open and 
air is admitted through the filters to the horn valve, 
the diaphragm of which rises admitting air through 





Fig. 65.—Twelve channel carrier repeater station at 
Shipton Solers on the London-Gloucester circuit. 


the horn to give a warning note. If the electro- 
inductor is energised (i.e. signal “‘off’’) the button 
valve is again closed and the warning ceases, but if 
it is not energised the slide valve D (fig. 66) of the 
horn valve continues to rise opening the underside 
of the brake valve diaphragm to atmosphere. This 
causes valve K to lift, admitting air to the train 
brake pipe, causing a brake application. 

To avoid an automatic application of the brakes 
and to enable the driver to maintain control, a device 
is provided for acknowledging and cancelling the 
warning. For this purpose the cancelling magneto 
is used by which pressure on the hand plunger 
causes a momentary current to flow through the 
reset magnet M, closing the button valve A. 


AUTOMATIC VOTE RECORDING EQUIPMENT. 


The main features of the Reliance automatic vote 
recording system have been described previously 
in this Journal, the description being based upon the 
equipment in the Middlesex Guildhall. A similar 
equipment is now in operation in the City of Man- 
chester Council Chamber, figs. 67 and 68. Various im- 
provements have been made since first the apparatus 
was designed, rendering it even more effective. For 
instance, the display panel which shows the results 
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indicates the seat numbers of the members in 2in. 

illuminated figures; if “aye’’ has been voted the 

figures are green, and for “‘no” the figures are red. 
The system now incorporates an automatic chart 


VACUUM HORN ENGINE AND TRACK EQU/PMENT. 
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RADIO TRANSMITTERS. 


The design of a comprehensive range of radio 
transmission units is approaching completion (fig. 69). 
The transmitters are intended for commercial use 
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Fig. 66.—(Above) layout of Hudd automatic train control system, and (below) diagram showing locomotive receiver 


armature holding valve button A away from the orifice at 


moment vacuum in pipe V is about to be destroyed. 


Parts of the system lightly shaded are normally under 21lin. vacuum maintained from storage reservoir ; heavily 


dotted area is under 2lin. 


recorder which produces a perforated chart showing 
how each member has voted. This permanent 
record is required when a name division is called for. 
Previously this record had to be manually prepared. 


train pipe vacuum. 


generally, but include models particularly suitable 
for mobile radio systems. <A frequency range of 1-5 


to 30 megacycles (200 to 10 metres) is covered by 
three transmitters having outputs of 30, 60, and 150 
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watts respectively, whilst two other units, having 
outputs of 30 and 100 watts, each cover frequency 
ranges of 128 to 131 megacycles (2-34 to 2-28 
metres), 95-5 to 100 megacycles (3-14 to 3 metres) 
and 78-5 to 82 megacycles (3-82 to 3-65 metres), 
by means of plug-in coils. 

A 25 watt output self-contained transmitter has 
been developed with a range of 1-5 to 15 megacycles 
(200 to 20 metres) and a further model has an out- 
put of 10 watts. 


















Fig. 67.._-Automatic vote recording equipment in the 


City of Manchester Council Chamber. 


Two transmitters specially designed for mobile 
operation complete the range. All transmitters will 
be crystal controlled and will incorporate the most 
advanced technique. 

A point which, no doubt, will be of particular 
appeal in the case of mobile systems operating in 
large cities is that facilities can be provided for the 
remote control of fixed station transmitters over an 
ordinary telephone line. 

A range of receivers has been developed, including 
super-heterodyne and super-regenerative models, 
suitable for operation with the transmitters described. 
In all cases these will be arranged for A.C. mains or 
battery operation. 


RADIO RECEIVERS. 


The present range of radio receivers consists of 
twenty-one different models, and, with two exceptions, 
the models embody short-wave reception. For 
listeners with D.C. mains a range of table, console 
and radiogram models for universal operation gives a 
performance comparable with their A.C. mains 
counterpart; this result had not been achieved 
before and it was made possible by the introduction 


of a new output tetrode having a substantially 
increased output. 

One entirely new feature is automatic tuning. 
Two systems are used, and the receivers in which 
they are incorporated are known as the “Touchtune”’ 
(fig. 70) and the “‘Selectalite’’ series. The “Touch- 
tune’’ models are fitted with five push-buttons 
each of which automatically selects one of five 
chosen stations. The “Selectalite’’ model also pro- 
vides five selected stations but, in this case, 
selection is performed by rota- 
ting a switch. As the station is 
heard, its name is simultaneously 
illuminated in a little panel above 
the tuning dial. 

The needs of overseas listeners 
have been considered indepen- 
dently, a complete and separate 
range of receivers having been 
designed to meet overseas con- 
ditions. Of these the “Fidelity 
All-Wave Super 10” receiver 
represents the most advanced 
technique. It incorporates a 


Fig. 68.—-Master control of automatic vote recording 
equipment, mounted on the Lord Mayor’s desk. 


10-valve 5-waveband  superhet chassis with 
an undistorted output of 15 watts, and can be 
relied upon for dependable world-wide reception 
in the most distant parts of the globe, even 
when conditions are adverse. New additions 
to this range have been a 5-valve 3-band super- 
het for universal mains, tuning down to 13 
metres, and a 7-valve 4-band A.C. model with a 
6-watt output. The latter will be followed closely 
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by a D.C./A.C. equivalent in table model form, by 
corresponding A.C. and D.C./A.C. radiograms, and 
also by a 6-volt battery receiver, vibrator driven. 


TELEVISION. 


During the past few months public interest in 
television has been steadily increasing ; there appear 
to be three reasons for this. First, there has been 
an improvement in programme material, particularly 
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Fig. 69._-An example of the new range of 
radio transmitters. 


in outside broadcasts which have presented events 
of both national and sporting interest; secondly, 
improved demonstration facilities were available at 
Radiolympia, and radio and television were dis- 
played together on individual manufacturers’ 
stands ; finally, there has been a general improve- 
ment in the receivers and the provision of a larger 
variety of types. 

A year ago opinion differed considerably as to 
the best size for a television picture. Many thought 
that the future of television lay in the ability to 
procure very large dimensions. This controversy 
has now died down and it is generally accepted 
that 10 inches by 8 inches, or less, is the best size 
for home entertainment. 

A number of improvements in design have 
resulted in higher quality pictures with better 
definition; in addition the brightness level of the 
picture has been raised, making viewing conditions 
more comfortable because of the permissible increase 
in general lighting. More recent models, too, are 
less affected by electrical interference. 

The range of receivers for the current season 
includes two mirror type receivers having picture 
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sizes respectively of 10 inches by 8 inches and 133 
inches by 11 inches, the vision unit with a 7} inch 
by 5? inch picture, and a vision and sound console 
model which embodies many new developments 
and has a picture size of 10 inches by 8 inches. 
Greatly increased sensitivity has been attained in 
this latter model with the result that the service area 
now includes places where previously reception had 
been impossible. Recently a large number of site 
tests have been undertaken, using this receiver, to 
determine what limits are imposed on the operation 
of a standard instrument. It is interesting to note 
that within a radius of 50 miles from Alexandra 
Palace, results were completely satisfactory, whilst 
further tests showed that distances up to 80 miles 
did not prevent good reception where conditions 
were particularly favourable. 


TRANSMITTING VALVES. 


The range of pentode valves introduced in 1937 
has been increased by two water cooled types. 
The E.832, gives about 15 kW with a stage gain 
of 100 and efficiency of over 70 per cent, while the 
E.882, has an output of about 50 kW. In these 
valves the screening of the control grid lead is 
incorporated in the cap. 

Other new valves in this range are the E.927 
and E.867, the latter giving an output of 50 watts 
at 2} metres with an efficiency of 50 per cent. Thus 





Fig. 70.—One of the ‘‘Touchtune”’ series of 
radio receivers. 


there is now a complete range of pentode valves 
with outputs from 25 watts up to 50 kW; these are 
shown in fig. 71, and outputs for Class C Tele- 
graphic use are as follows: 


E.882 50,000 watts 
E.832 15,000 _,, 
E.728 (A.C.P.T.8) 1,500 __,, 
E.927 1,000 _,, 
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E.753 (A.C.P.T.9) 500 watts 

E.827 (P.T.6) a 

E.740 (P.T.5) 

E.867 np WNW 
E.823 (P.T.11) — ao 

E.825 (P.T.10) mw 








output of 100 milliamps with a maximum input of 
250 volts R.M.S. 

For the more ambitious types of A.C. receiver, in 
which heavier anode current demands are met, the 
bi-phase, half-wave, filamented rectifier type U52 
finds favour, an output of 240 miulliamps D.C. 





Fig. 71._-The complete range of pentode transmitting valves. 


RECEIVING VALVES. 


During the period under review the range of 
valves styled “‘International’’ has been favourably 
received, and evidence of its utility may be found 
in the high proportion of cases among mains- 
driven radio receivers in which these valves with 
6-3 volt heaters and the American Octal base are 
exclusively employed. 

To cater for requirements in the British 
Isles, where the majority of A.C./D.C. “‘Universal’’ 
receivers work on supply mains ranging in voltage 
from 200 to 250 volts (as distinct from 100 to 
130 volts, as is largely the case on the Continent 
of Europe and in the U.S.A.), a new type of output 
tetrode, known as the KT33, has found a place in 
the Octal-based range. This valve is designed to give 
its best service at an anode voltage of 175 volts, 
and thus takes advantage of the higher voltage mains. 
It has no counterpart in U.S.A. practice. 

Another need of the A.C./D.C. receiver is met 
by a new rectifier, type U31, which, with a 26 volt, 
0-3 amp. heater rating, is designed for operation 
in series with other valves in this range, and serves 
as a single-phase, half-wave rectifier, giving a D.C. 


being obtainable from it with an input voltage of 
500—0-—500 volts R.M.S. 

A new field of use is opened up by the introduction 
of a range of miniature battery valves with 2-0 volt, 
0-06 amp. filaments, specifically designed for incor- 
poration in modern “‘deaf-aid”’ equipments. The range 
includes high M- and low M- factor triodes H12 and 
L12 and ascreened tetrode, the $12 shown in fig. 72(a) ; 
the features of small size and low H.T. filament 
current consumption are common to all three types. 

The orthodox range of 2 volt battery valves has 
been extended by the introduction cf the KT21—an 
output tetrode of high sensitivity and efficiency, and 
of the X23, which is an entirely new triode-hexode 
frequency-changer type; in particular it offers 
a good short-wave performance. 

The field of power amplification for radio relay 
and public address work has received attention ; 
experimental developments have established the 
most satisfactory circuit conditions for the DA100 
valve in Class B (positive grid drive), when used to 
obtain an A.C. output of some 200 watts per pair of 
valves. A new valve, the DA250, has recently 
been introduced in which an anode dissipation of 
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250 watts serves with an anode voltage of 2,500 volts 
to secure an output of 800 watts per pair of valves 
when used in an appropriate Class B circuit. 

The electrode constructions of a number of 
H.F. amplifying valves have been revised, the new 





versions being based on a tetrode design. These 
7 
(a) (b) 

Fig. 72.—(a) The S12 midget receiving valve. (b) The 


DET 14 small transmitting valve. The DET 14 valve 
is not shown to the same scale as the S12. _ It is actually 
much larger in proportion. 


modified valves may be recognised by the dis- 
tinguishing letters “KT’’ which prefix the normal 
type reference, as, for example, KTW63 for W63 
as heretofore. 

New ground is broken by the presence of two 
valves to serve as low-power transmitting types ; 
first the KT8, in which an extension of the aligned 
srid principle first introduced in the KT66 output 
tetrode type, enables a very efficient oscillator or 
frequency-multiplier to be made, capable of giving 
satisfactory service at wavelengths down to 5 metres, 
where an output of 24 watts per valve in class C 
telephony rating is obtained; and secondly, the 
DET14 which, as a result of the special attention 
paid in its construction to securing grid, anode and 
filament leads of minimum impedance, offers satis- 
factory service at wavelengths as short as 2-5 metres. 
This valve is shown in fig. 72(b). It is expected that 
the last two types will find favour not merely with 
the transmitting amateur, but also with the designer 
of transmitting equipment for mobile services, 
equipment which is becoming of increasing interest 
and importance. 

The need for a form of valve to serve as the 
rectifier in battery-charging and kindred applications 
has been met by a new valve, type A83l—an argon- 
filled rectifier, by means of which as many as seven 
2-volt lead-acid cells can be charged at a 1-3 amp. 
rate. 


CATHODE RAY MONITOR TUBES. 


The purpose of two new cathode ray monitor 
tubes is to afford a ready means for visual obser- 
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vations of cyclic electrical phenomena, as, for example, 
the depth of modulation of an R.F. carrier or to 
give other indications in the manner of a cathode- 
ray oscilloscope of normal form. Fig. 73 shows the 
external appearance of the two types of tube: type 
4051 is of cylindrical form, with a fluorescent screen 
of approximately 1} inches diameter, and the acceler- 
ating voltage is limited to 500 volts; type 4081 
more closely resembles an orthodox cathode-ray 
tube in appearance but is of small size, the screen 
in this case being some 24 inches in diameter. In 
this tube the accelerating electrode potential may 
rise to 800 volts. 

Electrostatic focussing and deflection in the 
presence of a hard vacuum are features common 
to both types, which are already finding favour with 
the makers of electrical instruments, particularly 
for incorporation in apparatus designed to assist 
the service-man in diagnosing the faults of radio 
and television sets. 


OUTDOOR H.T. METERING UNIT. 


The outdoor H.T. metering unit, fig. 74, has 
been developed at the Chamberlain & Hookham 
Works for the purpose of combining in one tank 
all the transformers necessary for metering a high 
tension supply. This is particularly useful in 
connection with the metering of supplies through 
rural branch lines, as it results in economy of space 
and reduced cost. 

The unit consists of a steel tank having six 
H.T. bushings for connection to the line and a 





Fig. 73. Cathode ray monitor tubes: a tube with the glass 
removed is shown on the right. 


terminal compartment to accommodate the low 
tension terminals and fuses. A three-phase potential 
transformer and two or alternatively three current 
transformers are fitted inside the tank together 
with H.T. fuses and limiting resistances. 

The unit is suitable for pole mounting and 1s 
fitted with a silica-gel breather if required, also oil 
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level indicator and drain cock. In fig. 74 the unit 
is shown with the cover of the terminal compartment 
removed. The meter is usually mounted at the 
base of the pole for convenience in taking readings, 
and is contained in a weatherproof housing. The 
low tension leads are brought down from the terminal 
compartment in conduit. 





Fig. 74._-Outdoor high tension metering unit. 


INDUSTRIAL PATTERN SUMMATOR. 


The instrument shown in fig. 75 is for the 
purpose of summating the consumption in two 
or three circuits and indicating the simultaneous 
maximum demand. It is intended for use on bulk 
supplies and operates in conjunction with integrating 
meters connected in the circuits being summated. 

The example illustrated is for summating the 
load in kilowatts on three feeders. Each feeder is 





Fig. 75.—Industrial pattern summator. 


provided with a meter registering the kilowatt-hours 
consumed. A contact making device on each meter 
sends an electrical impulse to the summator each 
time a definite quantity of electrical energy (10 kWh 
for example) has been consumed. The impulses 
received are registered on three counting trains 
corresponding to the three sending meters, and a 
fourth counting train registers the total number of 
impulses received. The gearing is so arranged that 
the counting trains register in terms of kilowatt- 
hours and so duplicate the readings of the feeder 


meters. The demand indicator also receives the 
whole of the impulses and is geared to read directly 
in kilowatts the total load on the three feeders. 
The time period over which the maximum demand 
is usually measured is 30 minutes. It is controlled 
by a time switch located in the right hand bottom 
corner of the case. This time switch is driven by a 
small synchronous motor, and with controlled 
frequency perfect time keeping is assured. 

The demand indicator scale is 15 inches long 
and a legible reading is easily obtained. It can be 
arranged to register the maximum demand in kVA 
if desired, and can be provided with either front or 
back connections. A contact making device can be 
fitted on the demand indicator for the purpose of 
operating a printometer giving a printed record of 
the demand during every 30 minute period through- 
out the day or the month. 

At the end of each accounting period the demand 
indicator can be manually reset to zero. This is 
accomplished by pulling a knob on the left hand 
top corner of the case. This operation energises 
an electromagnet which disengages the pointer 
of the indicator from the driving mechanism, allow- 
ing the pointer to fly back to zero under the influence 
of a spring. The knob can be sealed to prevent 
unauthorised use. 





Fig. 76..—-Components of small synchronous motor 
used in the operation of time keeping devices. 


SMALL SYNCHRONOUS MOTOR. 


The small synchronous motor, fig. 76, has been 
introduced for use in the operation of time keeping 
devices driven off electric supply systems where the 
frequency is controlled. Primarily it is intended for 
use in two-part tariff electricity meters for operating 
the rental collecting mechanism and in time switches 
for a multitude of duties. It is, however, adaptable 





49 G.E.C. JOURNAL 


for many other uses, such as electric clocks, relays, 
signalling devices and the like where a small power 
motor is required for time keeping or similar light 
duty. 

Fig. 76 shows two views of the complete motor 
which is 13 inches in diameter and 12 inches long 
overall. A view with the parts dissembled 1s also 
shown from which it will be seen that the construction 
is very simple. It consists of a mild steel cup having 
a hollow core in the centre surrounded by a coil 
of fine enamel insulated wire of many turns. After 
the coil is slipped into position, an outer pole plate 
with radial poles projecting inwards is placed on 
top and rests in a recess in the edge of the cup. 
An inner plate having radial up-turned poles fits 
on the end of the hollow core and is riveted in 
position with its poles equidistant between the poles 
of the outer pole plate. A rotor consisting of a 
flat cobalt steel stamping is mounted on a hardened 
and ground steel spindle with a polished pivot at 
each end. A triangular bracket is mounted on two 
pillars secured to the outer pole plate, and carries 
the top bearing screw. The bottom bearing screw 
fits in the lower end of the hollow core and the 
rotor spindle runs between these bearings and 
through the core. A pinion on the upper end of the 
rotor spindle serves to drive the gear to which the 
motor is coupled. A ratchet and pawl device on the 
under side of the triangular plate ensures uni- 
directional motion of the rotor. The latter is 
permanently magnetised and runs in the same 
plane as the outer pole plate. 

Tests upon the motor have shown that its 
performance is of a high order. It cannot fall out 
of step except when overloaded beyond its capacity. 
A motor wound for 230 volts 50 cycles runs at 200 
revolutions per minute and consumes 1-75 watts. 
The starting torque is 7-3 cm-grs and the running 
torque 23 cm-grs, both of which values compare 
favourably with other motors of this class. 


PRECISION CURRENT TRANSFORMERS. 


The close degree of accuracy in measurement 
called for in the certification of meters under the 
Electricity Supply (Meters) Act, 1936, has resulted 
in increased use being made of precision current 
transformers for the operation of wattmeters and 
substandard rotating meters. Amongst the many 
new designs for this purpose, the portable multi- 
range precision current transformer, fig. 77, is 
noteworthy. This transformer has a nickel-iron core 
having two primary windings and one secondary 
wound thereon. Each primary is divided into four 
sections which may be connected in series, series- 
parallel or parallel, thus providing three current 
ranges on each primary. The ranges available on the 
example illustrated are 2-5, 5 and 10 amperes on one 
primary and 25, 50 and 100 amperes on the other, 
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the secondary current being 5 amperes in each case. 
The change from one range to another is carried 
out by means of links on the terminal plate. 

The rated burden for which this transformer is 
suitable is 7-5 V.A. Class A.L. A typical perform- 
ance is shown in the following table: 

















Primary Ratio | Phase angle in 
current. error. minutes. 
120% +0.03% 40.5 
100°, +0.03% +0.7 

60°, 40.03% | 443 
20% +0.02%, | +1.8 
10% +0.02% | +2.0 











By careful disposition of the primary windings 
on the core, the error is identical on every range and 
consequently it is unnecessary to make corrections in 
the meter or instrument readings according to the 
particular range in use. As will be seen from the 
table, the errors in ratio are so small as to be negligible 
and the errors in phase angle result in a maximum 
instrument error of only 0-1 per cent at 0-5 power 
factor. For most practical purposes these errors 
can be entirely ignored which is a great convenience 
in meter testing work. 

This pattern of transformer is made in a number 
of alternative current ranges and other patterns are 
available for a variety of purposes having an equal 
degree of accuracy. 


RADIO FREQUENCY INSTRUMENTS. 


New types of thermionic valves are being em- 
ployed in instruments for use at radio frequencies. 





Fig. 77.—Portable multi-range precision current 
transformer. 


As a result there is now available a series of valve 
voltmeters which give readings over several ranges 
up to frequencies of several hundreds of megacycles 
(i.e., to wavelengths of less than a metre). New 
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high sensitivity valve-type multi-range instruments 
to read volts and amperes are being developed which 
open up a new field of measuring instrument 
technique, and incidentally form a growing field of 
application of thermionic valves. 


PRECISION DYNAMOMETER SUB-STANDARD 
INSTRUMENTS. 

New designs of precision dynamometer sub- 
standard instruments (fig. 78) are available as watt- 
meters, voltmeters and ammeters. The multi-range 
types provide wide facilities, and in the case of the 
wattmeters frequently one instrument suffices where 
two of older types would be required. 

Current ranges are changed either by means of a 
patented switch system of such design that contact 
errors never occur, or by a patented screw-down 
link mechanism. In both cases the contact is not 
broken when changing the range—an important 
consideration when used in conjunction with current 
transformers. A voltage reversal switch is fitted. 

The whole moving and fixed elements of these 





Fig. 78. -Multi-range precision dynamometer. 


instruments are iron shielded so that they are un- 
affected by external fields, and retain their accuracy 
up to 800 cycles. They comply with all the require- 
ments of the British Standard Specification for 
Substandard Instruments and with the requirements 
of the Electricity Supply (Meters) Act, 1936. 


MULTI-RANGE TEST SET. 


The multi-range test set shown in fig. 79 is note- 
worthy because it offers 28 ranges and will give 
current readings from 4 micro-amperes to 5 amperes, 
voltage readings from 0-0012 to 500 volts and resist- 
ances from 0 to 500,000 ohms. It is designed with 
8 voltage and 8 current ranges for D.C. measurements, 
and 6 voltage and 6 current ranges for A.C. It is 
possible to change over in a circuit which is being 
measured, direct from a voltage to a current measure- 
ment; no change of resistance occurs in the main 
circuit when this change is being effected. 

The testing set may be used on A.C. to measure 
capacitance (by calculation). 


LAYER THICKNESS METER. 


Measurements of the thickness of non-magnetic 
coatings on magnetic sheet may be made by a new 
layer thickness meter, fig. 80, which is the subject 
of a patent application’. The principle upon which 





Fig. 79. Multi-range test set giving 28 ranges of voltage 
and current readings. 


the instrument works is that the non-magnetic layer 
forms the gap in the magnetic circuit of a small 
transformer contained in the exploring head. Through 
the primary of this transformer a constant current 
is passed, and the voltage induced in the secondary 
winding gives an indication on the meter. The 
voltage is varied by the gap in the magnetic circuit 
and therefore by the thickness of the layer. The 
sensitivity of the instrument is high, and extremely 
small variations of thickness can be read without 
difficulty. 

The chief application is to the many forms of 
coatings which protect sheet iron, in all its numerous 
forms, against corrosion; amongst these may be 
mentioned tin plating; nickel plating, painting, 
sprayed metal coatings, sherardising, etc. 

The principle of the instrument has numerous 
other applications such as, for example, pressure 
testing and weighing. 


ELECTRIC FURNACES. 


Special atmosphere furnaces, both of the con- 
tinuous and the stationary type, have been much 
improved. An example of the continuous type is a 
furnace approximately 170 ft. long installed in the 
Jarrow Tube Works for bright annealing steel 
tubes varying in diameter from 1 inch to 25 inches. 
This furnace, which has a rating of 220 kW and gives 
an output of approximately 16 cwt. per hour, works 
in conjunction with a regenerative ammonia burner 


6. The thickness meter was developed by Mr. W. H. Tait, Director of 
Research for the International Tin Research and Development Council, 
Patent Application Nos.: 8795/37, 23660/37, 27675/37, 9854/38, 13012/38 
32595/38, 32596/38, 36882/38. 
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which supplies a suitable atmosphere of hydrogen 
and nitrogen. 

Several stationary furnaces have been installed 
for bright annealing steel and copper wire, suitable 
atmospheres being obtained from a G.E.C. town’s 
gas burner in all cases. Another furnace for bright 
annealing brass, phosphor bronze and monel wire 
is giving excellent results; in this case an ammonia 
cracker is used for the atmosphere. 





Fig. 80.—Meter for measuring thickness of non-magnetic 
coatings on magnetic sheet. 


A large installation has just been completed for 
stabilising and nitriding heavy crankshafts. The 
furnaces are of the vertical cylindrical type arranged 
to accommodate special sealed heat resisting 
containers in which the crankshafts are suspended 
in a vertical position in order to reduce distortion 
to the absolute minimum. The evenness of temper- 
ature and the uniformity of nitriding obtainable 
with this design should ensure a big future for it. 

Progress has been made in the design of furnaces 
for low temperature heat treatment of aluminium 
alloys. A furnace 60 feet long is in course of con- 
struction for ageiig aluminium alloy tubes and 
sections. 

A new range of small continuous furaaces is for 
the hardening and tempering of steel parts such as 
gudgeon pins and light gun components. The 
furnaces so far constructed are capable of dealing 
with about 600 pieces per hour, the parts being 
approximately 2} inches x ? inch diameter. They 
are carried through the furnace in a grooved type 
hearth plate and are progressed by means of star- 
shaped wheels at the ingoing end. The furnaces 
work in pairs with a quenching tank in between, 
thus forming a complete heat-treatment unit. 

The first crematorium furnace has been made and 
put into service at Pontypridd, fig. 81. Another 
furnace at the new Honor Oak Crematorium, is on 
the point of being started up. 

A high frequency furnace installation, fig. 82, for 
Brockhouse Castings, Ltd., of Wednesfield, comprises 
three electric melting furnaces, respectively of 
3 cwt, 5 cwt and 10 cwt capacity. Power is supplied 
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at a frequency of 975 cycles by a 400 kW single- 
phase 2,000/1,000 volt alternator driven by a 
650 h.p., 1,470 r.p.m. three-phase induction motor. 
It is hoped to describe this installation fully in an 
early issue of this Journal. 


LAUNDRY IRON. 


A thermostatically controlled laundry iron’, fig. 83, 
with a loading of 1,500 watts has been developed 
in conjunction with the British Launderers’ Research 
Association. 

The sole of the iron is die-cast in a special 
aluminium alloy which combines high thermal 
expansion and thermal conductivity with the greatest 
possible hardness. The heating element is of the 
sheathed wire type, bent into a form enabling it to 
be accommodated within the available area of the 
sole and die-cast in a block of aluminium alloy. 

The element is placed on the upper surface of 
the sole between a pillar and a bracket which are 
cast integral with the sole at the front and back 
ends respectively, and is clamped to the sole by 
means of three bolts which are made from a material 
having a coefficient of expansion approximately the 
same as that of the sole, in order to obviate any 
tendency for the bolts to work loose due to unequal 
expansion of the sole, element and bolts. A sheet of 
asbestos millboard, placed above the heating element 
with its edges shaped to fit flush with the sides of the 
element, serves to keep the cover and the handle of 
the iron cool. 

Thermostatic control is obtained by means of a 


Patent Nos. : 397501, 464285, 470831. 
Patent Application No, 29854/37. 





Fig. 81.—Electric crematorium furnace at Pontypridd. 
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thermostat switch of the type used in water heater 
thermostats, operated by the differential expansion 
of the sole of the iron and an Invar rod. The rod 
is fixed to the pillar at the front end of the sole just 
referred to, and passes through a clearance hole in 
the bracket at the rear end of the sole to the switch 
which is mounted on a porcelain block, also carrying 
the supply terminals, attached to the bracket. By 
utilising the expansion of the sole of the iron itself 
to operate the thermostat, lag between sole and 
thermostat temperatures is entirely eliminated and 
very close temperature regulation is obtained. 

The whole switch mechanism, together with the 
supply and earth terminals, is enclosed within a 
die-cast aluminium cover which is made in two 
portions, the upper portion being removable for 
access to the terminals. 


INDUSTRIAL COOKING EQUIPMENT. 


A complete kitchen equipment, of the design 
introduced in 1937, has teen installed in the new 
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Fig. 82._-High frequency melting furnaces installed in the 
works of Brockhouse Castings, Ltd., Wednesfield. 


exhibition hall of the Oxford and District Co- 
operative Society. A view is given in fig. 84 and this 
Shows the attractive appearance of the vitreous 
enamel finish. 

Complete installations have been supplied also 
to industrial and commercial establishments, such as 
Marks & Spencers’s new store in Oxford Street, 
Morris Motors Ltd. (Coventry), and ‘“Quaintways’’ 
Restaurant (Chester). Colleges and schools, such as 
University College, Oxford (fig. 85), and Stowe 


School have also installed electric cooking; at 
Stowe a complete equipment for catering for 850 
persons occupies the former kitchens of the Dukes of 
Buckingham. 





Fig. 83.—-Thermostatically controlled electric 
laundry iron. 


The steady progress of electric baking 1s illustrated 
by the change-over from oil-fired equipments by the 
Crawley Cake & Biscuit Co., Ltd. Following the 
installation of their first electric oven 
in 1931 and a similar oven two 
years later, this firm has now 
installed additional equipment com- 
prising three large double-deck 
ovens of the drawplate type, thus 
completing an all-electric baking 
installation with a total loading of 
300 kW. 

In plant bakeries the advantages 
of the electric travelling oven as a 
link in the chain of mass produc- 
tion machines are becoming better 
known; arecent installation at Lee’s 
Bakeries, Ltd., Newcastle covers 
two ovens, one 50 ft. long, which is 
used for baking bread, fig. 86, and the 
other a 35 ft. unit for confectionery 
work. Among brick-built oven 
installations. six drawplate ovens 
with a total loading of 300 kW 
are now in operation at the Clyde- 
bank biscuit factory of the United 
Co-operative Baking Society; the 
equipment at this factory also 
includes fifteen electrically heated 
scone plates. 

For marine purposes complete galley equipments 
including baking ovens, hot cupboards, cooking 
appliances, etc., have been manufactured for many of 
H.M. warships, while the P. & O. liners “‘Stratheden’’ 
and “‘Strathallan’’ and the ‘“‘Nieuw Amsterdam’’ 
(Holland-America Line) are typical examples from 
the merchant service. 


WATER AND SPACE HEATING. 
The use of electrical thermal storage for the 
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central heating of buildings and 
also for service water supply is 
steadily increasing. 

The new Poplar Town Hall, for 
instance, has been supplied with a 
complete boiler house for central 
heating, comprising two 650 kW 
H.T. electrode heaters together with 
storage tanks, H.T. switchgear, 
automatic control gear, pumps, etc. 
A complete water heating installa- 
tion has also been carried out at 
the new offices and showrooms of 
the South Metropolitan Electricity 
Supply Co. Ltd., Lewisham, the 


equipment including a 200 kW L.T. ig -" 


electrode unit. At the Hammersmith 
Borough Electricity Offices and Show- 
rooms, an oil-fired boiler plant for 
central heating has been replaced 
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Fig. 84.—-Electric cooking equipment installed for the 
Oxford Co-operative Society. 


by a 60 kW circulator of the immersion type, and at 
the new sports pavilion of the Prudential Assurance 
Co., at Chiswick, four 30 kW 800 gallon immersion 
type heaters have been installed for showers and 
baths and also a large number of convector heaters. 

The range of domestic storage water heaters, 
which was entirely re-designed in 1937, has been 
completed by the introduction of a new cistern type 
heater of greatly improved efficiency; the 
apparatus plate is now located at the front, and the 
canister has been eliminated, minimising furring 
troubles. 

Among the smaller space heating installations 
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Fig. 85.—An electric cooking in- 
Stallation at University College, 
Oxford. 


that at Canterbury Cathedral is of 
particular interest, the choir stalls 
(and also the Cathedral Choir 
School) being now equipped with 
tubular heaters. 


DAIRY STERILIZING EQUIPMENT. 


Of a number of new dairy 
sterilizing appliances chief attention 
is claimed by a range of sterilizing 
chests for milking utensils, which 
provide all the sterilizing require- 
ments for a farm as well as hot 
water for washing up and a steam 
jet for churns and _ milking 
machine parts. There are three 
sizes of chest with capacities of 
48, 27, and 19 cu. ft. They are 
rated respectively at 9, 6, and 
4 kW. The 27 cu. ft. model 
(fig. 87) was awarded a silver medal at the Dairy 
Show at Earls Court. The two larger chests are 
similar in construction. They consist of a heat 
insulated cabinet, supplied by steam from a small 
cylindrical boiler, fitted with three sheathed wire 
immersion heaters, through a valve which is con- 
trolled by a lever at the front of the chest. The 
water level in the boiler is maintained constant at 
the working pressures used by connection with 
a closed ball valve feed tank. By operating the 








lever in the front of the chest, the steam supply 
to the cabinet is cut off and a second valve is 
opened, thus diverting steam to a side jet for use 

















Use 
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in sterilizing milking machine components and churns, 
and for heating water by steam injection. The 
boiler is fitted with a safety pipe and, in a 
third position of the control lever, hot water can 
be obtained from a tap at the side. In all the 
models the hingeing of the door of the chest can be 
reversed (left for right) and also the external steam 
outlet can be from a jet at either side of the chest 
by effecting minor adjustments. 





Fig. 86.—50ft. electric bread-baking oven installed at 
Lee’s Bakeries Ltd., Newcastle-upon-Tyne. 


In the case of the 19 cu. ft. chest, the steam cut-off 
device consists of a lever which is operated from 
inside the chest. The chest is heat insulated and is 
connected directly to a small rectangular boiler 





containing two 2 kW sheathed wire immersion 
heaters and a ball valve. Steam is obtainable for 
external use from a side jet. Hot water can also be 
obtained. The door of this chest also is reversible. 

In all models the best galvanised steel is used, 
and the parts which come in contact with the steam 


are galvanised after manufacture to prevent rusting. 


An electric churn stool has also been introduced. 
This consists of a small rectangular, galvanised iron 
tank fitted with a 3 kW sheathed 
wire immersion heater, and a ball 
valve to maintain a constant level 
of water. On the top of the tank 
there is a square tray through 
which projects a central brass 
steaming jet. Damage to the 
churns is prevented by four wooden 
strips fixed radially on the top. 





DOMESTIC COOKERS. 


The new automatic cooker type 
DC 100, shows a really marked 
advance in domestic cooker practice. 
The well proportioned design of 
the exterior is at once apparent 
from fig. 88, moreover it has 
an appearance both simple and 
dignified. 

The oven is made in the form 
of a one-piece lining and is por- 
celain enamelled throughout. The 
lining is readily removable for 
cleaning. The oven equipment in- 
cludes non-tilting shelves and a 
round cornered roasting pan. The complete cooker 
includes a grill, grill boiler and warming cupboard. 

Two designs are available, the one a de luxe 
model which is provided with automatic oven 





Fig. 87.—Dairy sterilizing equipment which was awarded a silver medal at the 
Dairy Show, Earls Court. 
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control, and the other a standard model which is 
available either with or without automatic control. 
This oven is intended expressly for the hire purchase 
market. 

A new device which may be fixed to cookers is 
the incorporated main switch. This is housed in the 
wiring chamber of the cooker, and when in the ““ON” 
position, locks the side cover so that it cannot be 
removed. When in the “OFF” position with the 
side cover removed, it is impossible to touch any 
live points. This switch is a 30 amp. double pole 
double break, quick make and break, externally 
operated unit, fitted with translucent dial on the 
front, through which the pilot light may be seen, 
as well as a visible “‘On-Off’’ indicator. 


HOUSEHOLD APPLIANCES. 


The range of kettles fitted with sheathed wire 
immersion heaters first marketed in 1937 has been 
extended by the introduction of a new element, of 
the same type, loaded to 2,000 watts. With this 
element, which can be fitted in either the 3 pint or 
5 pint kettles, 3 pints of water can be boiled in 53 
minutes. 


REFRIGERATION. 


The new Wembley factory of Coldair Ltd. 
(an associated undertaking of the G.E.C.) provides 
the most modern facilities for the production of all 
types of domestic and commercial refrigerators. The 
layout of the factory ensures a smooth production 
flow combined with a maximum of elasticity in 
organisation. This has been rendered possible by 
the arrangement of a series of consecutive production 
lines each terminating in an inspection bay followed 
by a part stores. No less than twenty separate tests 
are carried out during the production sequence. 
Some idea of the stringency and thoroughness of the 
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Fig. 88.-A new design of domestic cooker. 
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tests may be gathered from certain facts—(1) cylinder 
bores are ground to a limit of 0-0003in.; (2) tests for 
silent running are made in sound insulated rooms ; 
and (3) every finished model is subjected to at least 
seven days continuous operation. | 

The range of domestic refrigerators contains 
eleven standard models for both A.C. and D.C. mains, 
the net food storage capacity ranging from 3-1 to 
20 cu. ft. The commercial refrigerators cover the 
entire field of refrigeration from ice cream, milk 
cooling and display counters to cold rooms (up to 
3,000 cu. ft. capacity) for the storage of fish, meat and 
food of every kind, and also for fur storage and other 
applications. 

One application of an unusual character is that 
which deals with lens cleaning in the Kodak factory 
at Wealdstone, Middlesex. Camera manufacturers 
and opticians are faced with the problem of 
lens breakages liable to occur when removing 
the lenses from the grinding block and the pitch 
from the lens. These breakages may amount 
to nearly 10 per cent of the output. The lenses 
in their rough state are fixed for grinding and 
polishing to runners or lens holders shaped like 
mushrooms, which hold any number of lenses be- 
tween four and a hundred. Each lens is individually 
adhered to the runner by warm pitch which sets 
hard and holds it firmly in position for grinding and 
polishing. 

After the last-named processes, the task of 
removing the lenses from the holder used to be done 
by hand with a small mallet and knife. A fair amount 
of pitch still adhered to the lenses after their removal. 
This had to be cleaned off before anything further 
could be done and it is obvious that a considerable 
number of breakages was unavoidable. The use of 
a refrigerator for the removing and cleaning of 
the lenses ensures practically faultless results and 
the processes are completed in a fraction of the 
time otherwise taken. 

The unit installed is only about as large as a 
medium size ice-cream unit. Into this is poured a 
solution of two parts of methylated spirit and one 
part of water (this ratio may be varied slightly). 
The temperature of the mixture is then reduced to 
about 5°F. and the unit is ready for working. The 
lens holders or runners are placed in a wire basket, 
fig. 90, and immersed in the liquid for one or two 
minutes. When removed the lenses need just a 
touch of the fingers to slide off free from pitch. 

The principle involved is that of difference in 
coefficients of contraction; obviously the glass 
contracts more readily than the pitch at low 
temperature. 

Another novel application has been the testing of 
cables at Pirelli General Cable Works, Southampton, 
in order to obtain data regarding their suitability 
for very low temperature conditions. The refrigera- 
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tor used is very heavily insulated and operates at a 
temperature of 15°F. The cabinet supplied is 
fitted with temperature recorder and thermostatic 
control, so that temperature conditions between 
—15°F. and --40°F. may be obtained as desired. 
The internal capacity of the cabinet is only 6 cu. ft. 
and owing to the low temperature required it was 
necessary to fit a refrigeration unit capable, under 
normal conditions, of controlling temperatures of 
34°/38° F. in 150/200 cubic feet. 

Refrigeration equipments have recently been 
installed at three of London’s greyhound racing 
tracks. These are for storing the dogs’ food, fig. 89. 
Considerable savings have been effected due to the 
larger quantities of meat that can be purchased at 
one time, with the consequent reduction in price. 

Eighteen emulsified cream cooling cabinets have 
been made for the bakeries of A. B. Hemmings, Ltd., 
London. One of the features of the cabinets is that 

















Fig. 89.—-Coldair refrigerator used for storing dogs’ 
food at a greyhound racing track. 
the doors are on top, so that when the cabinets are 
open hot air from the bakery takes longer to penetrate 
into the cabinet. 


REFRIGERATOR MOTORS. 


Refrigerator motors of }, + and } hp. sizes 
are now fitted with thermal overload protective 
devices which ensure maximum and continuous ser- 
vice without injurious overheating. These devices 
perform the following functions :— 

(a) Switch off the motors automatically when 

the temperature limit is reached. 

(6) Restore the motors to service automatically 


when they have cooled down sufficiently. 


(c) Switch off the motors automatically if the 
overload persists. 

(dq) Permit the motors to carry temporary over- 
loads without injurious overheating. 











Fig. 90.—-Refrigerator used in the Kodak works at 
Wealdstone, Middlesex, for the quick removal of pitch 
from camera lenses during manufacture. 


FANS. 


The range of A.C. ceiling fans has again been 
extended by the introduction of the ‘Capacitor’ 
type. These fans virtually run as 2-phase motors 
by the introduction of a condenser inserted in the 
second phase, which is embodied inside the motor 
without interfering with the normal contour of the 
fan. This arrangement provides a higher efficiency 
by reducing the watts input for a given air output. 
It also improves the starting characteristics and the 
regulating characteristics of the fan. At the same 
time it practically eliminates the wattless current 
usually drawn from the line. 

A.C. and D.C. desk fans have been re-designed to 
use the new high efficiency blade (fig. 91) developed in 
1937. These units are fitted also with a new design 
of oscillating gear in which all moving parts are 
enclosed. The air outputs obtained from the 
respective sizes with the old form of blade are main- 
tained at a much reduced speed. In consequence 
operation is very quiet, and economies in power 
consumption are obtained. 


FAN REGULATORS. 


All metal parts of a new design of regulator for 
use with A.C. ceiling fans are enclosed in bakelite 
(fig. 92) which renders the regulator shockproof. An 





50 G.E.C. JOURNAL 


additional safety feature is the method of connection 
whereby the mere slacking back of the cover fixing 
screws renders all accessible metal parts “‘dead”’ 
even when the cover is removed. 

In another new design the regulator is metal 
cased and arranged for earthing. 

All ship fans are now fitted with devices to reduce 
radio interference. 


HOUSE SERVICE AND L.T. IRONCLAD 
SWITCHGEAR. 


The range of “‘all-insulated”’ switchgear has been 





Fig. 91.—Desk fan with new high efficiency blade. 


widely used for house service purposes, and a new 
60 amp. double pole switch of this type has been 
introduced. A large quantity of switches of the 
new size has been supplied to Liverpool Corporation. 

The 50 VA switch fuse and transformer unit for 
low voltage lighting has proved popular, and a unit 
of 150 VA capacity is being developed. Triple pole 
cut-outs with neutral connector in cast iron cases 
are now available in a series of 30, 60, and 100 
ampere sizes for voltages up to 500. 





Fig. 92.—Moulded bakelite fan regulator. 


LIFTING MAGNET EQUIPMENT. 


A Witton-Kramer electric lifting magnet and 
overhead electric travelling crane with steel gantry 
has just been installed in the works of Joseph Lucas 
& Co., Ltd., Birmingham. The magnet is of 43ins. 
diameter, and the crane has a capacity of 4 tons, its 
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span being 50 feet. This plant was designed to 
facilitate the handling of all kinds of steel and iron 
swarf and stampings in the scrap yard. The method 
of dealing with this material before the erection of 
the magnetic handling plant was for men to fork the 
swarf into the waiting motor lorries for transport. 
In view of the awkward nature of the swarf, etc., it 
took a considerable time to load the vehicles; this 
time has now been much reduced. 

A feature of the equipment is that it is possible 
to detach quickly the lifting magnet when it is 
required to use the hook on the crane for handling 
bags of non-magnetic swarf, such as brass. 


MAGNETIC BRAKE AND SOLENOID EQUIPMENT. 


Following upon the granting of a Buxton certi- 
ficate for an A.C. flameproof solenoid in 1937, the 
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Fig. 93.-Flameproof D.C. brake solenoid equipment. 


D.C. type has now received a similar certificate 
(FLP1616). It is shown at fig. 93, as part of a 
magnetic brake equipment. The brake is of 36ins. 
diameter and provides a retarding torque of 5250 
lb./feet, which is equivalent to 500 h.p. at 500 r.p.m. 


PHOTOELECTRIC EQUIPMENT. 


The burning out of the lamp in a photoelectric 
installation gives the same indication as cutting off 
the light. In burglar alarm installations, the opera- 
tion of the alarm may be a positive way of indicating 
that a circuit is out of commission, but it is likely to 
give a good deal of annoyance if it occurs in the middle 
of the night. To avoid such false alarms, a small 
relay has been designed to be connected in series 
with the circuit of the lamp transformer. During 
normal service this relay is excited, but when the 
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lamp burns out the no load current of the transformer 
is insufficient to hold the relay in. When the relay 
is released, the alarm circuit is opened and a pilot 
indicator lamp brought into circuit to show that the 
installation is out of commission. 


NEON CAPACITY TIMING DEVICE. 


A new neon capacity timing device is extremely 
useful when a set timing limit for a given process is 
required within limits up to 10 minutes. In the 
standard form it is provided with a grid leak to give 





Fig. 94..-A moulded radio receiver cabinet. 


definite time delay action; the delay can be modified 
by altering the value of the grid leak. Some of the 
equipments are fitted with a number of grid leaks, 
the time limit against each switch control being clearly 
marked. This arrangement is of value when different 
time limits are required at frequent intervals. 

The whole of the equipment is mounted in a 
wall-mounting aluminium box. 





Fig. 95.—Another example of modern moulded products: 
a telephone receiver. 


MOULDED PRODUCTS. 


The design of moulded products tends to develop 
more and more along the lines to which plastics 
peculiarly lend themselves, thus breaking away from 
styles which were dictated by the limitations of 
materials used previously, such as metal or wood. 
Examples of this tendency are given by the latest 
type of radio cabinet, fig. 94, and the telephone 
receiver, fig. 95. In both these cases the advanced 
style of design could be obtained only by the use 
of plastics. 

Recent introductions include a new range of 
ceiling roses which can be supplied with either 


bakelite or porcelain interiors, a new type of B.C. 
adaptor, a 30/45 amp. d.p. switch fuse case and a 
60 amp. d.p. switch case. The two items last 
mentioned show how bakelite can replace cast iron, 





Fig. 96.—-Low loss high frequency terminal. 


combining the advantages of better insulation with 
an attractive appearance which will not deteriorate. 


HIGH FREQUENCY TERMINALS. 


An investigation of losses and insulation resistance 
at radio frequencies has led to the development of a 
new high frequency terminal of low loss, fig. 96, 
Not only is the special ceramic insulation employed 
of a very low loss type, but the proportion of it in 
the electrostatic field is small. The ceramic insulator 
is coated with metal on the outside where it fits into 
the mounting bush and also at the top into which the 
terminal fits. The whole assembly is sweated to- 
gether and forms a unit of great mechanical strength. 





Fig. 97.—All-shuttered switch socket. 


ALL-SHUTTERED SWITCH SOCKETS. 


A range of all-shuttered switch socket outlets and 
plugs” (fig. 97) which have been available for some 
months gives to the user the maximum protection and 
are extremely simple to operate. The design of this 
new accessory, shown diagrammatically at fig. 98, 
involves the introduction of a spring-loaded shutter 
covering the earth socket tube should the switch be left 
in the “ON” position when the plug is withdrawn. 
This is supplementary to the shutter covering the 
“L” and “N” tubes. When the switch is “OFF” 
the earth tube is exposed for the reception of the 
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plug, whilst the “L”’ and “‘N”’ tubes are covered by 

a patented damper shutter. 

_ Qn insertion of the plug the earth pin operates a 
“small lever which moves the damper shutter aside in 

time to permit the entry of the “L’’ and “‘N”’ pins in 

their respective tubes. 
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Should the plug be withdrawn with the current 
“ON” the shutter over “L” and “‘N”’ closes rapidly 
and damps out any arc which may be drawn in the 
process; simultaneously the shutter over the “E’’ 
tube closes and prevents re-insertion of the plug 
until the switch is tripped to ““OFF.”’ 
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Fig. 98.—Diagrams showing operation 


of all-shuttered switch socket. 








A view of the beater floor at Albert E. Reed & Co., Ltd., Aylesford Paper Mills, Kent, showing 


thirteen 340 h.p., 250 r.p.m. D.C. motors driving refiners. 


A large amount of equipment has 


previously been supplied by the G.E.C. to this Paper Mill, and two 5,000 kW G.E.C.-Fraser & 
Chalmers geared turbo-generator sets were recently put into commission in the new power house. 
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The High Power Hot Cathode 
Mercury Vapour Rectifier. 


By H. T. RAMSAY, B.Sc. Eng., A.M.I.E.E. 


Research Staff of the M.O. Valve Company, Ltd., at the G.E.C. Research 
Laboratories, Wembley, England. 


INTRODUCTION. 


HILST negative space 
charge is essential to the 
triode in order to obtain 

control of the space current, it is 
only a source of loss in the rectifier. 
This disadvantage is overcome 
if the valve is filled with some gas 
or vapour. 

The hot cathode mercury 
vapour rectifier may be regarded 
as a simple diode into which 
mercury has been introduced. 
Positive ions are produced by : 
collisions between the space : them. 
current electrons and the mercury : 
atoms, and are normally present 
in quantities sufficient to neutralize the electron 
space charge. Thus the rectifier behaves practically 
as an impedance-free device when passing forward 
current, 1.e., when the anode is made sufficiently 
positive with respect to the cathode. 

During the passage of forward current, the 
anode-cathode voltage-drop takes up such a value 
that the production of ions equals the loss to the 
walls and cathode. This voltage normally lies 
between 6 and 15 volts, and is practically independent 
of the current passing. 

In these valves it is possible to use a very high 
efficiency oxide cathode which may be shaped to 
occupy acomparatively small volume. Itis possible to 
employ a compact cathode because the neutralization 
of space charge enables electrons to be drawn from 
comparatively deep cavities. The combination of 
low forward drop and high efficiency cathode results 
in a valve which is not only highly efficient, but is 
very small in physical dimensions compared with a 
vacuum rectifier of the same output power. 

With regard to the reverse voltage with which 
these rectifiers can deal, it has been found possible 
to operate them up to reverse voltages of the order of 
100,000 volts and there is no reason to suppose this 
voltage to be the limit. However, it must be pointed 
out that at voltages of this order, the currents are 
very low, being of the order of l1-O amp. Toa certain 
extent it may be said that the problem of designing 
for high voltages is simplified if the current is kept 
as low as the figure mentioned. However, at voltages 
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This article deals with the hot : #8'ViN8 
cathode mercury rectifier which : 

: Is effectively a high power recti- : 

: fesk’, fiery impedance and : The hot cathode mercury 
1 ciency, 

In the introduction the author 
discusses the fundamental princt- 
ples of the rectifier and also con- 
siders it as an alternative to the 
vacuum diode for use in radio 
transmitters and similar appar- 
atus. The remainder of the article : ‘ 
is devoted to a discussion of factors : The vacuum rectifiers have 
leading toa faulty operationand : a magnificent record of long 
the measures taken to eliminate : 
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of 10 to 20 kilovolts, rectifiers are 
completely satisfactory 
Operation with output currents 
of the order of 20 amps. 


rectifier for voltages of the order 
of 10 to 20 kV has been developed 
as an alternative to the high power 
vacuum rectifier used in the 
rectifier equipment of radio trans- 
mitters and similar apparatus. 


and trouble-free service, but in 
efficiency and bulk, they are at 


sesesntlietnsipanastdataiaiapibiae : a substantial disadvantage as 


compared to the mercury rectifier. 
Apart from such economic advantages, the mercury 
valve has an important technical advantage in its 
negligible impedance, and rectifying equipments 
employing mercury rectifiers have a much smaller 
regulation than similar installations employing vacuum 
rectifiers. 
As would be expected, the mercury rectifier has, 
in most cases, been introduced to the user as a 
replacement of the vacuum type, and hence has been 
employed in stations where all operating technique 
has been built up round the latter rectifier. In some 
instances this has caused trouble, owing to the 
fundamental differences of the two types. For 
instance, it is quite possible, although unwise, to 
control the output of a rectifier system employing 
vacuum valves by dimming the rectifier filaments, 
and thus working them in the saturated emission 
region. It is not only impossible to do this with 
mercury rectifiers, but any attempt to do so is 
certain to ruin them. Another interesting difference 
is that it is necessary to take special precautions to 
avoid overheating the anodes of the vacuum rectifiers, 
owing to the large energy loss in the valve, and thus 
the anodes of high power rectifiers require water 
cooling; but in the mercury rectifier the energy 
loss is very small, and anode temperature presents 
no difficulty. However, the temperature of the glass 
envelope, which is not critical in vacuum rectifiers, 
is important in mercury valves, since the temperature 
of the coldest spot decides the mercury pressure. 
This list can be extended, but the points raised make 
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clear the conflicting requirements of the two types. 
With such conditions, there was no choice but to 
issue with each type a set of detailed operating 
instructions. These instructions are essentially 
simple, but at first sight they may appear forbidding 
in comparison with the instructions for the vacuum 
type. In actual fact the apparent simplicity of the 
vacuum type is largely due to the fact that its needs 
are so well known as hardly to require specification, 
whereas the mercury rectifier is new, and hence its 
working requirements must be carefully set down. 

One of the purposes of this article is to give 
a fuller understanding of the rectifier discussed, in 
order to assist the user. Hence it deals chiefly with 
those factors found to cause trouble in operation. 
Some of these factors have been eliminated by 
improvements within the rectifier, and where this 
has, so far, not been possible, the operating instruc- 
tions have been arranged to give complete protection 
if carried out thoroughly. 

It will be found that the article deals chiefly with 
the reverse discharge, which is a fault appearing as a 
very brief but complete loss of rectifying action 
resulting in a short circuit on the main rectifier 
transformer. In the past this has caused considerable 
trouble, but the combination of improved design and 
correct operating conditions has reduced its incidence 
until to-day it may be considered to have been 
overcome, 

The only other faults occasionally experienced 
are cathode emission troubles and short life, but these 
difficulties are fairly easily avoided and much less 
obscure than the reverse discharge. 

In this paper the rather cumbersome, but correct, 
name of hot cathode mercury rectifier has occasion- 
ally been abbreviated to mercury rectifier. 


FAILURE DUE TO **SNAP”’ VOLTAGE. 


In certain designs used in the earlier forms of the 
mercury rectifier, it was found that the maximum 
voltage at which the rectifiers would operate without 
reverse discharges was greatly affected by the type 
of rectifying circuit. Investigation has shown that 
one of the most important variables between different 
circuits is the rate at which the reverse voltage 
builds up across the rectifier immediately after a 
conduction interval. It has been found that if this 
rate is above some limiting value, the probability 
of reverse discharge is greatly increased. The 
exact way in which the rate of growth of reverse 
voltage affects the operation is not clearly under- 
stood, but there are factors present which explain 
the phenomenon in general terms. 

During a conduction interval there is a high 
density of positive ions in the discharge space. 
During commutation of current from one phase to 
the next, this density falls with the space current, 
but owing to the finite time required for the ions to 
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travel to the walls and the cathode, the ion density 
does not reach zero at the same time as the space 
current. 

Any ions existing in the space at the completion 
of commutation will be removed to the anode by the 
reverse voltage. If the reverse voltage builds up 
rapidly, these residual ions may strike the anode with 
a considerable velocity. This ion bombardment of 
the anode will produce secondary electrons, and these 
may produce further ionisation by collision on their 
way to the cathode. 

Beyond this point, it is difficult to state the 
mechanism of the reverse discharge, since several 
very variable factors are present. One factor which 
may have great significance is that the positive ion 
bombardment may release adsorbed gas from the 
anode. It must be remembered that the reverse 
discharge is essentially an arc with the cathode spot 
on the anode. The maintenance of such an arc 
demands the formation of a dense positive space 
charge at the cathode spot, and the normal gas 
pressure of the valves described here is apparently 
not high enough to enable such a space charge to 
be formed. Actually, although the reverse discharge 
is an old difficulty of vacuum or gas filled devices, 
an adequate explanation of its mechanism has yet 


to be given. 
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Fig. 1.--Circuit diagram of three-phase half-wave circuit 
(3 P.H.W.). 


The rate of growth of reverse voltage required 
to produce these effects is very high, but it is 
frequently met in high voltage rectifying equipments 
owing to the distortion of the voltage wave-form 
across the high tension transformer secondary 
produced by commutation. This distortion is such 
that the reverse voltage does not appear across the 
valve at the comparatively slow rate to be expected 
if the voltage wave-forms remained sinusoidal, but 
jumps from zero to some value which is usually an 
appreciable fraction of the peak reverse voltage. 
We have termed this initial jump the snap voltage. 

The phenomenon of snap voltage may be most 
readily understood from a study of the commutation 
conditions in a three-phase half-wave (3 P.H.W.) 
circuit (fig. 1). The main transformer is assumed 
to have zero resistance. It is also assumed that the 
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first choke in the output circuit has an inductance 
sufficient to make the ripple on the output current 
negligible, and further, that the voltage drop across 
the valves when carrying current is negligible. These 
assumptions are customary in such discussions, and 
do not produce appreciable error. 

If the main transformer had no leakage reactance, 
the commutation of the current would take place 
immediately the phase voltages were equal. The 
transfer of current from one phase to the next would 
be instantaneous, and the resulting wave-forms of 
current and voltage would be as shown in fig. 2. 
It will be seen that there is no distortion of phase 
voltage, since the transformer impedance is zero, 
and that the wave-form of the current through the 
valves is rectangular. The output choke prevents 
the passage of appreciable alternating current com- 
ponent, and hence the output current is effectively 
pure direct current. 
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Fig. 2..-Theoretical wave-form of the reverse voltage 

and the current through a rectifier valve operating in 

3 P.H.W. circuit when the main transformer has zero 
impedance drop. 


In practice the main transformer has leakage 
reactance and conditions are very different. An 
instantaneous changeover of the current from one 
phase to the next is impossible, since it would imply 
infinite rates of change of current in the phases, and 
hence infinite voltages across the leakage reactances. 
Actually there is an interval, known as the overlap 
or commutation period, during which the two 
phases conduct together. 

Zero drop has been assumed in the valves, the 
cathodes of which are connected together (fig.1) so 
that during the interval of commutation the two phase 
voltages must remain equal. During this interval 
there is, of course, an increasing difference between 
the generated voltages of the two phases, and this 
difference has to be made up by the voltages devel- 
oped across the leakage reactances. Fig. 3 shows 
the phase voltage wave-form with commutation 
overlap present. During commutation the current 
in the outgoing phase is falling while the current in 


the incoming phase is rising at a corresponding rate, 
and these current changes produce the reactive 
voltages which are equalising the phase voltages. 
The difference between the phase generated 
voltages is increasing during the commutation, and 
hence the phase currents must change at an increasing 
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Fig. 3.—-Theoretical voltage wave-form of transformer 
secondary phases when commutation distortion is present 
in 3 P.H.W. circuit. 





rate in order to produce the higher reactive voltages 
required. 

Thus the flux in the leakage reactances collapses 
in the outgoing phase, and builds up in the incoming 
phase, at an increasing rate. At the instant commut- 
ation is complete, the current reaches zero in the 
outgoing phase and a steady value in the incoming 
phase. The leakage fluxes behave in the same way 
and hence there is a sudden transition from high 
rates of change of flux to zero rates of change, and 
the reactive voltages fall suddenly from some high 
value to zero. This rapid change in the phase voltages 
results in a sudden appearance of the reverse voltage 
across the outgoing valve and, as mentioned before, 
this initial jump has been termed the snap voltage. 
The theoretical wave-forms of current and voltage 
are given in fig. 4. The wave-forms shown are 
true only if the transformer has no capacity ; actually 
all transformers have distributed self capacity, and 
hence have also a resonant frequency. This frequency 
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Fig. 4.—Theoretical wave-forms of reverse voltage and 
current through a rectifier valve when commutation 
distortion is present in a 3 P.H.W. circuit. 
is excited by the snap voltage, and thus the rate of 
rise of reverse voltage is decided by the resonant 
frequency of the transformer. Fig. 5 shows an 
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oscillogram of the reverse voltage in a 3 P.H.W. 
circuit when an output of 10 kV, 2-3 amps. is being 
delivered, and the oscillations set up by the 
snap voltage are clearly shown. The full load 
output for this particular equipment is 10 kV, 
20 amps., and at full load the snap voltage oscillations 
are greatly increased in amplitude. If the trans- 
former secondaries are shunted with capacity, the 
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vessel. There is every reason to suppose that ions 
also will be present throughout the vessel. Thus, 
when reverse voltage appears across the rectifier, 
ions will be drawn to the anode from all parts of the 
bulb. Those ions travelling to the anode from the 
more remote parts of the bulb will have the longest 
life, and hence they arrive at the anode with the 
highest velocity, since the reverse voltage on the 


oe ee 





Fig. 5.—-Oscillogram of reverse voltage in a 3 P.H.W. rectifying circuit. 


resonant frequency is lowered and hence the rate 
of rise of reverse voltage is reduced. 

Fig. 6 is an oscillogram of the reverse voltage 
in a three-phase full wave circuit (Fig. 8), at an 
output of 10 kV, 2-44 amps. Fig. 7 is an oscillogram 
of the reverse voltage in the same circuit, with the 
addition of 1 microfarad in series with 300 ohms 
across each secondary phase of the transformer. 
The output in the second case was 10-7 kV, 2-7 amps. 

As is shown by these two oscillograms, shunting 
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anode is increasing rapidly with time. 

In more recent designs such as that shown in 
fig. 10, this weakness has been completely corrected. 
This type uses an air-cooled anode with the cathode 
mounted well up inside it, and during conduction 
the glow does not spread beyond the upper part 
of the anode. Hence the time required to de-ionise 
the discharge space is very much reduced, with a 
consequent reduction of the energy of ion bom- 
bardment of the anode. 
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Fig. 6.—Oscillogram of reverse voltage in a three-phase full wave circuit (3 P.F.W.). 


the transformer secondaries produces a great re- 
duction in the rate of rise of the reverse voltage. 
This method has been found to give improved 
operation in valves liable to this failure, and inci- 
dentally, can provide a useful amount of power 
factor correction. However, although this system 
was used on some early installations, it has now been 
abandoned, since it has been possible to design 
rectifiers which can operate without trouble in the 
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Experiment shows that this design is completely 
free from fai!ure due to snap voltage in equipments 
operated at normal power frequencies. 


IGNITION PEAKS. 


During operation, the forward current through 
the rectifier is started up from zero once per cycle, 
and it is found that in the earlier designs the forward 
voltage wave-forms show a peak at the beginning of 
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Fig. 7.—-Oscillogram of reverse voltage in a 3 P.F.W. circuit with capacity shunted across 
transformer secondaries. 


presence of considerable snap voltages. 

Snap voltage is a serious factor in designs such 
as the G.U.3 (fig. 9). It will be seen that no attempt 
has been made to constrict the discharge space to 
small dimensions. During conduction the whole 
bulb becomes filled with a blue glow, showing the 
presence of excited atoms throughout the discharge 


conduction which we have called the ignition peak. 
Under certain conditions this peak may exceed 
100 volts, and may produce effects within the valve 
leading to a reverse discharge. The manner in 


which such peaks arise is fairly well understood, 
and methods are available for overcoming them, but 
there is still a good deal of elucidation required on 
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the detailed way in which they cause reverse dis- 
charges. However, it is clear that a high ignition 
peak will result in high velocity ions which will 
therefore have a considerable power to sputter the 
electrode material. This sputtering will take place 
at the cathode, and it has been shown that mercury 
ions having a velocity of 25-4 volts, or greater, will 
sputter barium from the cathode surface. It is 
very probable that this sputtering action is respons- 
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Fig. 8. —Circuit diagram of three-phase full-wave circuit. 


ible for the reverse discharge, but the precise manner 
is not known. 

Ignition peaks can be produced by several 
conditions, some of which can be eliminated in the 
rectifier design, and the remainder must be removed 
by attention to operating conditions, which are 
fortunately quite simple. The more important 
conditions are briefly summarized as follows :— 


(a) Ignition Peaks due to Glass Charges. 


If the volt-ampere characteristic of the G.U.3 
(fig. 9) is measured by applying a direct voltage, 
to the anode and slowly increasing it from zero, 
then an ignition voltage of some 20 volts is usually 
found. This peak is caused by a negative charge on 
the walls of the vessel. Examination of fig. 9 will 
show that in designs of this type, the cathode-anode 
space is exposed to the walls of the vessel, and hence 
can be affected by any charges residing on them. 
Thus the walls behave effectively as a grid, and 
prevent the arc striking until some critical anode 
potential is reached. 

The charge is formed by the passage to the 
walls of electrons emitted from the hot cathode. 
During the interval that the cathode is at emitting 
temperature, and there is no potential on the anode, 
electrons are emitted with sufficient initial velocity 
to escape from the cathode entirely, and travel to 
the walls. The potential of the walls adjusts itself 
to such a value that it repels all electrons except the 
number required to make up the loss of charge from 
the walls by leakage. 

Normally the ignition peaks due to glass charges 
are not high enough to have any ill-effect upon 


operation. However, cases have been cited in which 
the glass charges have been greatly increased by 
effects taking place in the reverse voltage interval, 
and it is probable that such conditions would lead 
to reverse discharges. 

It is clear that ignition peaks due to this cause 
cannot arise in the air cooled anode design (fig. 10) 
now adopted for high powers, or indeed in any 
design in which the anode adequately shields the 
discharge space and cathode from the glass envelope. 


(b) Ignition Peaks due to Cathode Shields. 


The rectifier shown in fig. 10 employs an air 
cooled anode with the cathode mounted well up 
inside it. The cathode is surrounded by a metal 
canister and the electron current passes to the anode 
by way of a number of openings in the top of the 
canister. From some points of view it is advantageous 
to have such a cathode system. The canister is 
permanently connected to one side of the cathode 
and behaves as a zero-potential grid. It is found 
that the canister has a profound effect on the volt- 
ampere characteristic of the rectifier, and results in 
an ignition peak which may exceed 100 volts. This 
peak is of very short duration in the normal circuit, 
and as soon as ignition is complete, the forward 
voltage drops to about 10 volts. As would be 
expected, such peaks rapidly result in a reverse 





Fig. 9._-Photograph 
of G.U.3 rectifier. 


Fig. 10.—Photograph 
of G.U.4 rectifier. 


discharge if allowed to persist. These ignition 
peaks are reduced to negligible proportions if the 
valve is operated at a fairly high mercury pressure, 
and, of course, instructions to this effect are issued 
with the rectifier. The type has been considerably 
improved upon, especially in this question of ignition 
peaks, and it is now obsolescent. Although the 
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valve has now been superseded by patterns which 
are to stand much wider mercury pressure variations, 
it must be made clear that, providing the rectifier 
was operated within the pressure range specified, 
it gave first class performance, and in some cases 
users of the type were very loth to change over to 
the newer rectifiers because of the long lives and 
lack of trouble with the older design. The average 
life of the G.U.4 (fig. 10) under first class operating 
conditions, so far as it is yet obtainable, is of the 
order of 10,000 hours, and individual samples are 
still working after 19,000 hours. 

The advance made in overcoming ignition peaks 
of the type dealt with in this section is shown in 
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Fig. 11.—-Ignition characteristics. 


fig. 11. Curve lla gives the ignition characteristic 
of a G.U.4 rectifier, and it will be seen that the 
ignition peak is 24 volts. Curve 11b gives a similar 
curve for a recent design taken under the same 
conditions as curve lla, and in this case the ignition 
peak is only 13 volts. 


(c) Ignition Peaks caused by a Time-lag in the Formation 
of the Positive Space Charge. 

It has already been stated that, during the passage 
of forward current, the electron space charge is 
neutralized by the presence of positive ions which 
are produced by the electron current. When stable 
conditions are reached, the electron space charge 
may be regarded as completely neutralized, and the 
anode-cathode drop takes up such a value that the 
production of ions equals the loss to the walls and 
the cathode. This voltage normally lies between 
6 and 15 volts. 

When the growth of forward current from zero 
is considered, it becomes apparent that under 
certain conditions the rate of production of ions 
during the build-up of the current is such that an 
appreciable time is taken for the correct positive 
ion density to be established. Thus there is a time 
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lag between the growth of current and the growth 
of the positive ion density necessary to keep the 
voltage drop across the valve low. This time-lag 
is unimportant at low rates of growth of current, 
but there is a limiting rate of current rise above 
which the time-lag becomes important. Operation 
of the valve above the limiting rate would produce 
ignition peaks of a magnitude depending on the 
rate of rise of current and anode voltage, and also on 
the mercury pressure in the valve. 

Approximate calculations show that it is possible 
for these effects to be present in commercial equip- 
ments, although it should be easy to avoid them by 
adjustment of the circuit characteristics. Actually 
trouble due to this cause has not yet been met in 
practice, although such ignition peaks can be demon- 
strated in experimental arrangements. However, 
it is clear that the power supply frequency is of 
importance in this connection, and the ratings of 
these rectifiers are given assuming a power frequency 
of the order of 50 cyc. and special ratings must be 
given for frequencies appreciably above this figure. 


(d) High Forward Voltages produced by Emission 

Limitation. 

High forward voltages produced by emission 
limitation do not properly fall under a heading of 
ignition peaks, since they are associated not merely 
with the beginning of conduction, but persist 
throughout the conduction interval. However, the 
effect is included, since it has something in common 
with ignition peaks proper. 
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Fig. 12.—Curve showing relation between maximum 
output voltage in a 3 P.F.W. circuit and the mercury 
condensation temperature. 


In the hot cathode mercury rectifier the forward 
current is, but for a negligible proportion, entirely 
made up of electron emission from the cathode, and 
the low forward drop can only be obtained when the 
current taken is below the saturation emission of the 
cathode. If, as is sometimes the practice with 
vacuum rectifiers, an attempt is made to limit the 
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output of the rectifier installation by dimming the 
rectifier valve cathodes, then almost immediately 
reverse discharges set in. It is impossible to make a 
hot cathode mercury rectifier operate with the high 
forward voltage drop to be expected if the rectifier 
is to limit the output current. 

If the cathode emission is less than the required 
output current, for example due to faulty adjustment 
of the filament voltage, conditions become favourable 
for the setting up of an arc spot upon the cathode 
coating. This arc spot has the normal appearance 
of a small intense light spot, and wanders over the 
cathode throwing off the coating in visible particles, 
thus destroying the cathode. Where the over-loading 
of the cathode is less severe, failure takes the form 
of short life, which is due to the continued sputtering 
of the barium layers from the cathode by the high 
velocity positive ions. In these conditions the 
likelihood of reverse discharges depends on the 
degree to which the cathode is overloaded and also 
upon the reverse voltages in the circuit. 


EFFECT OF MERCURY PRESSURE. 


The previous sections have dealt chiefly with 
factors arising from the ionisation processes within 
the rectifier. These processes are greatly affected 
by the pressure of mercury at which the valves 
are operated, since the probability of an electron 
of adequate energy producing ionisation, varies 
directly with the density with which mercury atoms 
are distributed along its path. These effects, together 
with others not yet discussed, are causes of failure 
which are only present when the rectifier is operated 
outside the permitted range of mercury pressure. 
It must be stated here that there is always more 
liquid mercury introduced into the valve than is 
required to saturate the volume of the rectifier at 
the normal temperatures, and hence the mercury 
pressure is decided by the temperature of the coldest 
spot in the rectifier, i.e., by the condensation temper- 
ature. This spot is normally arranged to be on the 
glass envelope at the end remote from the anode. 
There are hot cathode mercury rectifiers which are 
arranged to maintain pressure differences within the 
rectifier, but all of the valves manufactured by 
The M.O. Valve Co. Ltd., are operated according to 
the above statement, and this is true also of the 
majority of hot cathode mercury rectifiers. 

To a certain extent it is possible to show the 
composite effect of the majority of the adverse 
conditions by taking a curve of the variation of 
maximum output voltage at full load current obtained 
when the mercury pressure is varied. Fig. 12 
gives such a curve for an experimental high power 
high voltage rectifier. The curve plots the maximum 
output voltage obtainable at full load current from a 
three-phase full wave circuit (fig. 8) at any given 
mercury condensation temperature. The maximum 


output voltage is defined as that at which prolonged 
operation without reverse discharges could just be 
obtained. 

Inspection shows that the curve divides itself 
up into three zones : 

(a) Low pressure. 

(6) Medium pressure. 

(c) High pressure. 

These zones are indicated in fig. 12. 


(a) Low Pressure Failure. 


All the failures by reverse discharge at low 
pressure have a common factor, namely, the existence 
of a high forward voltage during conduction. De- 
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Fig. 13.-Effect of mercury pressure on heavy current 
characteristics of a G.U.4 rectifier. 


pending on the design, this voltage may be present 
as an ignition peak or may persist throughout 
conduction. This latter effect is illustrated by 
fig. 13, which shows the effect of mercury pressure 
on the current-voltage characteristics of the now 
obsolescent G.U.4 rectifier. The increase in the 
forward voltage which takes place as the pressure 
is lowered is due to the falling of the probability of 
ionisation. This fall is compensated for by an 
increase in the forward voltage, since, up to a point, 
the probability of ionisation increases with increasing 
electron energy. 

However, whether the high forward voltages 
are transient or persistent, experience shows that 
their presence is dangerous in high power hot 
cathode mercury rectifiers, and, to a less degree, this 
remains true for the smaller sizes. It is probable 
that the most important effect of these high forward 
voltages is the high degree of sputtering power 
which is conferred upon the ions. With regard 
to the effect of high forward drops which persist 
throughout conduction, most of these rectifiers will 
apparently operate satisfactorily with a forward 
drop appreciably above the normal, but such 
conditions of operation inevitably spoil the long 
lives which should be obtained from them. 
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At low pressures the peak forward current is an 
important variable and the maximum _ possible 
output voltage decreases as the current is increased. 


(b) Medium Pressure Zone. 


When adverse effects due to the mercury pressure 
being too high or too low are eliminated, then it is 
found that there is a limit to the possible 
output voltage which is inherent in the 
rectifier. This limit is apparently decided 
by the design of the rectifiers and the 
standard to which they are manufactured. 
For the particular rectifier whose curve is 
shown in fig. 12, it will be seen that the 
limiting voltage is 28 kV, and also that the 
medium temperature zone extends from 
31°C. to 54°C. 

Over this zone the limiting voltage 
is shown to be independent of the con- 
densation temperature. Actually, although 
the effect is not sufficiently precise to be 
shown, a slight connection between the 
two factors is found when the times of 
the tests are considerably protracted. 
These curves represent conditions when 
the maximum possible output voltage 
is defined as that which the valves will 
deliver for about one hour without 
interruption. If the time is extended to 
about 16 hours, it is found that the 
limiting voltage increases somewhat as the 
condensation temperature approaches the 
middle of the medium zone. The reason 
for this is not clear, but the practical 
result is that, although the various rectifiers 
have a specified range of temperature over 
which they may be operated, an extra factor of 
safety is obtained if they are operated at the middle 
of the range. Of course, this is not necessary, but 
where there is any choice in the temperature, such 
as is given when the valves are operated in 
temperature-controlled chambers, the temperature 
should be set at the mean value of the extremes. 

The type of failure discussed in this section bears 
a very close resemblance to the flash arc discharge 
experienced in vacuum valves. The mechanism of 
the flash arc has yet to be completely explained, 
although much is known about the conditions which 
encourage it. 

At these medium pressures the peak forward 
current is not an important variable, provided it does 
not exceed the rating. However, it is found that the 
limiting voltage tends to rise as the current is reduced, 
particularly when the current becomes very low. 

In order to have an adequate factor of safety, 
the maximum voltage rating of any type is always 
fixed much lower than the limiting voltage of the 


type. 


Fig. 14. 
arranged in a 3 P.F.W. circuit for an output 12 kV, 12 amps. 
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(c) High Pressure Failure. 


It is found that above a critical mercury pressure, 
the maximum output voltage possible falls rapidly 
as the mercury pressure is increased, and may 
ultimately fall to a few hundred volts. 

The explanation of this failure is that the critical 
mercury pressure marks the entry into a region 

















Temperature-controlled bank of G.U.8 mercury rectifiers 


where a cold cathode glow discharge between 
cathode and anode becomes possible during the 
reverse voltage period. This glow discharge is 
unusual only because of the zone of voltage and 
pressure at which it occurs, since most of the pure 
research on the subject of discharge in gases between 
cold electrodes has been carried out at rather higher 
pressures. 

The mechanism of the glow discharge is com- 
plicated and many factors must be considered, of 
which the relative importance depends very much 
on the particular case considered. However, for the 
discharge met in the hot cathode mercury rectifier, 
it is very probable that it is necessary to have a 
process present which produces electrons at the 
virtual cathode, i.e., the anode of the rectifier. This 
process is likely to be either emission of secondary 
electrons by positive ion bombardment of the virtual 
cathode, or, possibly, the release of electrons by 
photons. 

It is possible for such a glow discharge to carry 
quite heavy currents, and this, combined with 
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the comparatively high voltages, makes the change- 
over of the glow discharge to an arc discharge very 
likely. This normally occurs and results in a short 
circuit of the main rectifier transformer. 

The actual condensation temperature at which 
the glow discharge failure sets in can be modified 
by the design of the rectifier, and much has been 
accomplished in the direction of giving the rectifier 
a wider range of condensation temperatures. How- 
ever, at the present time it is advisable to run the 
high power high voltage rectifier under controlled- 
temperature conditions, since the normal temperature 
variations experienced even in this country are 
rather wider than the safe temperature range of the 
rectifiers. 

A very satisfactory method of controlling temper- 
ature is found in the air blast system. In this system 
the rectifying valves are mounted in jackets through 
which air is blown at a rate of several cubic feet a 
minute. This air is heated by a thermostatically 
controlled system on very simple lines. Fig. 14 is 
a photograph of a rectifier bank fitted with tempera- 
ture control by air blast. This rack contains the 
complete rectifying apparatus, and only requires to 
be connected up to a control panel and the main 
rectifying transformer. 

An equipment of this type removes all doubts 
as to the correctness of the operating temperature, 
and since the only other important variable is the 
cathode voltage, which is easily set, operation is as 
simple as could be desired. 


CONCLUSIONS. 


The hot cathode mercury rectifier is a com- 
paratively revolutionary device and, as was to be 
expected, difficulties have been encountered both in 
development and operation. Some of these diff- 
culties have been eradicated by design, and the 
remainder by the framing of correct operating 
conditions. To-day the value of the rectifier is 
established and the results of commercial operation 
prove beyond doubt that the modern rectifier will 
bear comparison, both for life and freedom from 


trouble, with its predecessor, the vacuum rectifier. 

On the score of efficiency and bulk, it is easily the 

better. 

As is to be expected, the mercury rectifier has 
some special requirements, and these are always 
specified in the instructions issued with the type. 
These instructions are essentially simple, and trouble 
taken to ensure that they are carried out is well 
repaid. 

The experience of the author is that there are 
two operating instructions which are superlatively 
important. These instructions are :— 

(1) The rectifiers must never be operated under 
such conditions that the circuit demands a peak 
current through the rectifier valves greater than 
the true emission of the cathode. 

(2) The mercury condensation temperature must be 
kept within the range specified, and preferably 
should be controlled to the optimum tempera- 
ture in high power equipments. 

Since the inception of the hot cathode mercury 
rectifier, considerable progress has been made in 
increasing its ability to withstand adverse factors 
such as snap voltage, high or low mercury pressure, 
etc. Further research is in progress and there is 
every justification for supposing that it will bring 
yet further improvements in these and in other 
directions. 
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Rotor Voltage of Induction Motors 


During Braking. 


By R. G. JAKEMAN, D.Sc., M.I.E.E. 


Chief Designer, Engineering Dept., Witton Engineering Works. 


HERE are many applications 
of the induction motor for 
which it is necessary to 

bring the machine rapidly to 
rest. These include winder 
motors, motors of large motor- 
generator sets, motors for rubber- 
making machinery and many 
others. In the case of 3-phase 
induction motors there is a 
choice of several methods, among 
which the following may be men- 
tioned : 
1. Reversing the stator con- 
nections by interchanging 
two of the stator leads. 


It is usually assumed that the 
maximum rotor voltage of a 
3-phase induction motor during 
reverse power braking, commonly 
known as “‘plugging,’’ is twice 
the open circuit rotor voltage. 
In this article it is shown that 
the rotor voltage may reach a 
maximum of 3 times the open 

: circuit voltage owing to transients 

: produced on switching over the 
stator connections for the reverse 
rotation. 

Another method of braking is 
described which consists of a 
special single-phase connection. 
In this method the maximum 
rotor voltage is reduced, but at 


rotor and the rotating field pro- 
duced by the stator winding. In 
other words, the voltage depends 
on the rate at which the rotor 
coils cut the magnetic flux. When 
the rotor is at rest, this difference 
is the speed of the rotating field, 
which corresponds to the supply 
frequency. The motor then acts 
as a transformer and the slipring 
voltage, V,, is equal to the pro- 
duct of the stator volts and the 
ratio of the effective turns in the 
rotor and stator windings respec- 
tively. If the rotor runs at 
synchronous speed, its rate of 


2. Single-phase braking, in 
which one of the stator 
terminals is disconnected 
from the supply and connected to one of 
the other terminals. 

3. Direct current braking, in which the stator 
is disconnected from the line and excited with 
direct current. 

In this article only items 1 and 2 will be considered. 


1. PLUGGING. 


When a 3-phase induction motor is connected to 
the line, a rotating flux is produced and the rotor 
starts turning in the same direction as this flux. The 
direction of rotation of the flux depends on the phase 
sequence of the currents in the stator winding and 
therefore on the way in which the stator terminals 
are connected to the supply. If two of the stator 
leads are interchanged so that the connections to the 
supply are B, A, C instead of A, B, C, the direction 
of rotation of the flux will be reversed, and the motor 
will start turning in the opposite direction. 

If the motor is running with connections A, B, 
C, and two leads are interchanged in this way, the 
rotating flux will be reversed and the motor will 
come to rest and reverse its direction. The value 
of the braking torque depends on the amount of 
resistance in the rotor circuit. This method of 
braking is generally known as “plugging.”’ 

The slipring voltage of an induction motor is 
proportional to the difference in speed between the 


the same time the braking effect 
is also decreased. 


rotation is the same as that of the 
flux and the slipring voltage is zero, 
since the rotor coils do not cut the 
flux. Ifthe rotor runs with slip s, the slipring voltage 
is SV). 

When the rotor runs with slip s, its actual speed 
is (1 —s) mo, where n, is the synchronous speed. If 
then the rotating field is reversed, the difference in 
speeds will be (2-s) n), which is practically equal to 
2 n, if the slip is small. The slipring voltage for this 
condition is (2—s) Vp, and it is generally accepted 
that the maximum slipring voltage during plugging 
is approximately equal to twice the open circuit 
voltage V. 

Examination of oscillograms of the slipring 
voltage during plugging, however, shows that its 
value is actually considerably greater than this, and 
one object of this article is to give an explanation of 
this higher voltage. 

It is well known, especially in transformer practice, 
that when an inductive circuit is switched onto an 
A.C. supply, current surges occur which die away 
after a short time. When the voltage is switched on, 
a back e.m.f. must be produced equal and opposite 
to the impressed voltage. This back e.m.f. is induced 
by the rate of change of flux in the magnetic circuit. 
Before switching on, the flux is zero, and it must 
immediately change at the correct rate to induce 
the required back emf. Fig. la indicates the 


conditions when a single-phase circuit is switched on 
at the moment the supply voltage is zero. V 
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represents the supply voltage and F represents the 
resulting wave of flux density which would exist 
under steady conditions. Curve F lags 90 degrees 
behind V, so that when V is zero F is a maximum. 

Before the switch is closed, the flux is zero. 
Immediately the switch is closed, the rate of change 
of the flux must be such that the back e.m.f. induced 
is equal and opposite to the supply voltage at the 
moment of closing. This is shown in fig. la, for 
the condition that the switch is closed at the moment 
of zero voltage. The flux at this instant is zero, but 
its rate of change must be the same as curve F in 
order to induce the required back e.m.f. The flux 
wave is therefore F’, which initially is a sine wave 
displaced vertically by an amount a. This wave F’ 
settles down after a few cycles to wave F, and it can 
be shown that wave F’ can be resolved into a com- 
bination of wave F and an exponential curve E with 
initial value a dying away to zero. 

It will be seen that the value of a is equal to the 
ordinate of the curve F at the moment of switching 
on, and can therefore have any value between the 
positive and negative amplitudes of curve F. If the 
switch is closed when V is a maximum, the value of 
a is zero, so that curve F’ coincides with curve F and 
is symmetrical about the x axis. 

The curves in fig. la represent one 
phase only, curves V and F for the other 
two phases of a 3-phase motor are similar 
but displaced 120 and 240 electrical degrees 





directional fluxes are displaced from one another 
in space by 120 electrical degrees and have 
different values, as shown above. These combine 
to form a flux which is fixed in space and dies away 
exponentially. This flux is distributed sinusoidally 
round the periphery of the stator and the initial 
maximum value of the flux density is equal to 1-5 B. 
The actual flux in a 3-phase motor consists, therefore, 
of the normal rotating flux and a fixed flux of equal 
initial amplitude which dies away exponentially.' 

This result can be looked at from another point 
of view. Since the rotating flux is zero at the instant 
of switching in, it can be replaced by the normal 
rotating flux and an equal and opposite flux. The 
latter is the flux which is fixed in space and which 
dies away exponentially. The position of the fixed 
flux coincides with the position of the rotating flux 
corresponding to the moment of switching in. 

The voltage in the rotor is produced by its rotation 
relative to the stator flux. If the speed of the rotor is 
(1 -s) mo, the relative speed of the rotor and the 
rotating flux when plugging will be (2—s) no, since 





1 J. Kluge and H. E. Linckh: Messung des Anlaufmomentes von Asynchron- 
motoren durch ein neues elektrostatisches Messverfahren. Physikalische 
Zeitschrift, vol. 39, May 1, 1938. 
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respectively, as shown in figs. 1b and lc. 
Since, at the instant of switching in, the 
voltage of each of the three phases is 
different, the respective values of a will also 
be different. It will be seen that the three 
values of a correspond to three points on 
curve F at 120 degrees to one another. 
For example, the three values may be B, 
-0-5 B and -0-5 B, or 0-866 B, — 0-866 B 
and 0, where B is the amplitude of curve F. 

It is important to note that the curves 
in fig. 1 are drawn on a time base. Curves 








F and F’ represent the variation in flux . 
density with time at a given point on the 
Stator periphery. Curve F represents a 
pulsating flux, but curve E represents a 
uni-directional flux which dies away com- 
paratively slowly. The actual flux curve 
F’ can therefore be resolved into a pul- 
sating flux and a uni-directional flux. 

The three pulsating fluxes belonging to 
the three phases are displaced from one 
another in time by 120 degrees and are 








also displaced in space by 120 electrical 
degrees, These combine to form the 
rotating flux, which has an amplitude of 
1-5 B, where B is the amplitude of curve 
F (see Appendix 1). The three uni- 











Fig. 1.—Stator voltage and flux waves at switching in. 
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the rotating flux is revolving at the synchronous speed, 
Ny, in the opposite direction to the rotor. The 
frequency of the rotor voltage due to the rotating 
flux will therefore be (2—s) f, where f is the supply 
frequency. The speed of the rotor relative to the 
fixed flux is (1—s) nm, so that the frequency of the 











Fig. 2.._-Resultant wave composed of single- and double- 
frequency components. 


rotor voltage due to the fixed flux is (l—s) f. The 
wave of rotor voltage is therefore composed of two 
waves, one of approximately supply frequency and 
the other of about twice that frequency. Since the 
amplitudes of the rotating and fixed fluxes are the 
same, the voltage induced by the rotating flux will 
be practically double that due to the fixed flux since 
the relative speed is about double. The wave of 


rotor voltage can therefore be represented approxi- 
mately by : 


V,=2 V cos2wt + V cosat, 


neglecting the slip and the phase displacement 
between the two waves, which depends upon the 
position of the rotor coils relative to the fixed flux at 
the instant of switching in. Fig. 2 shows a wave 
representing : 


V,=2 Vcos2wt + Vsin ot, 


and it will be seen that a pair of large crests is followed 
by a pair of smaller crests and so on. A phase 
displacement alters the relative positions of the large 
and small crests. Fig. 3 shows an oscillogram for 
3-phase plugging and gives (a) stator current, (b) 
rotor volts and (c) stator volts. Over the first few 
cycles the rotor volts will be seen to follow the same 
general shape as the curve in fig. 2. From the 
transformation ratio of the machine, the open- 
circuit rotor voltage is 80 volts. The R.M.S. value 


of the maximum peak in the oscillogram is 236 volts, 
giving a ratio of 2-95, 
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Since the relative speeds are changing as the 
rotor comes to rest, the relative frequencies of the 
two components are also changing as shown in the 
following table :— 





Relative frequencies of the two components of rotor 
voltage due to 


_ Rotating Flux | Fixed Flux 


l 
0.95 
0.9 


Synchronous speed .. | 
5 per cent slip 
10 per cent slip 


wi 
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For this reason, and also because the fixed flux 
dies away in the course of a few cycles after plugging, 
the shape of the voltage wave is continually changing 
while the rotor comes to rest. 

It will be seen from the above voltage equation 
that the maximum amplitude of the rotor voltage 
can theoretically be three times, instead of twice, 
the open circuit voltage. Actually this high value 
is unlikely to be reached because the magnitude of 
the fixed flux diminishes and the slip decreases 
rapidly. 

The question arises as to whether this increased 
voltage is induced every time a motor is started up. 
It will be seen, however, that if the rotcr is at rest 
there is no relative motion between the rotor and 
the fixed flux and no voltage can be induced. The 
only rotor voltage induced is due to the rotating 
flux, which is symmetrical, so that there can be no 
distortion. This is shown in fig. 4 which is an oscillo- 
gram of the rotor voltage when the stator was 
switched on with the rotor locked. It will be seen that 
there is practically no disturbance. 


2. SINGLE-PHASE BRAKING. 


The connections for single-phase braking are 
shown in fig. 5. One of the stator terminals is 
disconnected from the line and connected to one of 
the other terminals, so that one stator phase is in 
series with the other two in parallel across two of 
the busbars. At the same time a resistance is inserted 
in the rotor circuit. 

In order to understand the action of this method 
of braking it is necessary to investigate the cross-field 
theory of the normal single-phase motor’. 

If the stator of a single-phase motor is switched on 
with the motor at rest, a pulsating flux is produced in 
the axis of the stator winding. This flux produces 
no torque and the motor will not start. When the 
rotor is running, having been started by any means 
whatever, the rotor winding cuts this flux. A current 
is thereby generated in the rotor winding which 
gives rise to a cross-flux displaced 90 electrical 


——_—__- 





2 For an alternative explanation, refer to A. van Nickert, Single-phase Braking 
of 3-phase Induction Motors. Electric Journal, volume 33, February, 1936. 
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degrees in space from the original pulsating flux. 
These two fluxes combine to produce a rotating 
flux which, in conjunction with the rotor current, 
provides the necessary torque. 

With the connection for single-phase braking 
shown in fig. 5, it will be seen that phases B and C 


energy of the moving parts (see Appendix 2). The 
kinetic energy is thus converted into heat in the 
resistance and the motor comes to rest. 

Although with single-phase braking the time 
of deceleration is longer than with plugging, 
it has the advantage that there is no tendency 





Fig. 3.—Oscillograms for three-phase plugging. 


A, stator current. 


of the stator winding form a closed circuit the axis 
of which is displaced 90 electrical degrees from 


ROTOR AMPS. 


ROTOR VOLTS. 





Fig. 4.—Oscillogram of rotor volts and current when 
switching in with rotor locked. 


phase A. The winding is therefore equivalent to 
a single-phase winding in the axis of phase A, and in 
addition a damping winding at 90 electrical degrees 
to phase A. This damping winding is in the axis of 
the cross-flux and therefore practically damps it out 
by reason of the circulating currents which will 
flow in the winding. As was shown above, the 
presence of the cross-flux is necessary for the pro- 
duction of torque, so that if the cross-flux is damped 
out the torque becomes Zero. 

The rotor voltage is still generated by the rotation 
of the rotor in the main flux, so that a current flows 
in the rotor resistance. This produces a loss which 
is partly supplied by transformer action from the 
stator and partly mechanically from the kinetic 


B, rotor volts. 


C, stator volts. 


for the machine to run up in the opposite direction. 
Comparative tests on a small motor for two 


























Fig. 5. Connections for single-phase braking. 


different values of rotor resistance gave the following 
results : 





Secs. for machine to come to rest. 
Test A. Test B. 


11 
ion 


Single-phase braking 3 
3-phase plugging 


vi vi 











Single-phase braking also has the important 
advantage that the rotor voltage during braking 
is not so high as shown above for plugging. 

When the rotor of a normally connected 
single-phase motor is at rest, the slipring voltage 
depends on the stator volts and the transforma- 
tion ratio. It also depends on the position 
of the rotor winding with regard to the pulsating 
flux, and is a maximum when the axes of the 
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winding and the flux coincide. The value of 
this maximum open circuit voltage is V,, as for a 
3-phase connection. 

If the rotor is running at full speed with the con- 
nections for single-phase braking (fig. 5), the rotor 
winding rotates in the pulsating flux and the slipring 
voltage depends on the rate of change of the flux 
passing through the winding. 

Consider a coil the axis of which coincides with 
the flux axis at the moment the flux is a positive 
maximum. The flux passing through the coil is 
then equal to the total flux. After a quarter cycle, 
the flux has become zero. After a further quarter 
cycle the flux is negative maximum, but in the mean- 
time the coil has turned through 180 degrees so that 
the flux passes through it in the same direction as 
before. The flux passing through the coil therefore 
varies between the maximum value of the total flux 
and zero at double the supply frequency. 

Similarly, if the axis of the coil is at right angles 
to the flux axis when the flux is a positive maximum, 
the flux passing through the coil is zero at that moment. 
After an eighth cycle, the flux has become 0-707 of 
the maximum value and the coil has turned through 
45 degrees. The flux passing through the coil is 
therefore 0-707 sin 45°=0-5 of the maximum 
value. After a further eighth cycle the flux is zero. 
The flux passing through the coil varies in this case 
between +0-5 and —0-5 at double the supply 
frequency. 

The total change of flux passing through the coil 
is the same in both cases and equals half the total 
change of the total flux. The rate of change, how- 
ever, is the same as for the total flux, since the 
frequency is double. It follows, therefore, that the 
voltage induced by this rate of change of flux is the 
same as the open circuit voltage Vp. 
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When switching on, a similar disturbance occurs 
as described above for plugging and the rotor 
voltage may be increased momentarily to 1-5 V,. 
This compares with 3 V, for plugging. 

Fig. 6 shows oscillograms for single-phase braking 
giving (a) stator current, (6) rotor volts and (c) 
stator volts. The rotor volts will be seen to contain 
single- and double-frequency components similar to 
those in fig. 3. 


APPENDIX I. 


CALCULATION OF ROTATING FLUX. 
Steady Conditions. 

Each of the phases of the stator winding of a 
3-phase induction motor produces a pulsating flux 
fixed in space. The three fluxes are displaced from 
one another round the stator periphery by 120 
electrical degrees and each is distributed practically 
sinusoidally over its pole pitch. 

The flux density at any point on the periphery 
at a given instant is : 


B, = Bi cos ~ x + By cos (* x-120°) 
sf T 
+ B’ cos (= 240°) --------- (1) 


where 


B, B, and B are the crest values of the flux 
waves at the particular instant. 


x is the distance along the periphery from the 
crest value of the flux wave for phase 1, 


T is the pole pitch. 


Since the fluxes are pulsating, the crest values of 





Fig. 6. 
A, stator current. 


Oscillograms for single-phase braking. 
B, rotor volts. 


C, stator volts. 
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the flux wave vary in time although their position 1s 
fixed in space. The crest values are represented by : 


B. = Booswt 
B, = Boos (wt — 120°) 
B’, = Boos (wt -— 240°) 


0 


where B is the maximum value of flux density both 
in time and space 


and w = 2xf, where f is the frequency. 


Inserting these values in equation (1) the flux 
density at any point x becomes: 


3 
B= 
2 
As stated above x varies with time, therefore if 
a point travelling round the stator periphery at a 
frequency f be considered, it can be seen that 
x 


tet = wf 
+ 


Bcos(wt — =x) ------- (2) 


At this rotating point the flux density will be 


5. = ; B, which is constant. This indicates that 


the three pulsating fluxes can be represented by a 
rotating flux with frequency f and a crest value equal 
to 1-5 times the maximum crest values of the 
pulsating fluxes. 

The voltage induced in the rotor winding depends 
on the rate of change of flux in the rotor coils. If 
a fixed point on the rotor be considered and if it be 
assumed that the stator connections have been 
reversed so that the rotor is revolving at practically 
synchronous speed in the opposite direction to the 


rotating flux, then * r = —wt and the flux density 
at that point is : 
3, = ; B cos 2wt ----------- (3) 


This indicates that the rotor coils are cutting the 
flux at a speed corresponding to twice the normal 
frequency. The voltage depends on the value of 
the flux density and the rate of cutting so that its 


; 3 
maximum value is proportional to 2 w 78 


Transient Conditions. 


For the sake of simplicity, let it be assumed that 
the curve E in fig. 1 does not die away exponentially, 
but remains constant at its initial value a. 

At switching in, the three pulsating fluxes no 
longer vary sinusoidally in time but each is affected 
by its own value of a. The crest values of the fluxes 
are represented by : 


B, = Boos wt—a, 
B, = B cos (wt - 120°) -a, 
B; = B cos (wt — 240°) —a 


As explained above, the values of a depend on 
the instant of switching in and represent three 
values of curve F (fig. 1) at 120 degrees to one another. 


Assume that a, = B 
a» ——= 0- 5 B 
a. > = 0 - 5 B 


Then, from equation (1), the flux density at any 
point becomes : 


B, = > B( cos (wt - ~)n— cos * n) - - - (4) 


The second term of this expression does not 
vary with time and therefore represents a flux of 
amplitude equal to the rotating flux, but fixed in 
space. The selection of a different moment of 
switching in will only change the phase relationship 
of the two parts of the expression. 

Considering as before a point fixed on the rotor 
and with the rotor revolving at synchronous speed 
against the rotating flux (slip being neglected), the 
flux density at that point is : 


B.=2 


5 B (cos 2wt — cos wf) 


This indicates that the rotor coils are cutting one 
component of the flux at twice the speed of the 
normal frequency and another component at normal 
frequency. The voltage therefore has two com- 
ponents proportional respectively to : 


20 5 B at double frequency 


and 


@) = at normal frequency. 


These figures give the limiting ratio of the two 
components on the assumption that the slip is 
zero and the fixed flux is constant. Actually the 
ratio of the single-frequency to double-frequency 
components must be lower than this since the fixed 
flux is dying away exponentially and the slip reduces 
the ratio of the frequencies. 


APPENDIX Ii. 


SINGLE-PHASE BRAKING. 


During single-phase braking a current must flow 
in the stator winding to balance the m.m.f. produced 
by the rotor currents. This represents power taken 
from the line which must be dissipated in the rotor 
resistance. If this were the whole of the loss in the 
rotor resistance no braking effect would be produced 
since the loss would come direct from the supply, 
and no torque would be produced owing to the 
absence of cross-flux. It will be shown, however, 
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that the loss is greater than this, so that the difference 
must be supplied from the kinetic energy. 

Since the reactance of the rotor circuit is small 
compared to the resistance, it can be assumed as a 
close approximation that the rotor current is in 
phase with the rotor voltage. 

Referring to fig. 7, and assuming that phase A 
of the rotor is in line with the pulsating flux at the 
moment that this flux is a maximum, the current in 
phase A will then be: 


lo, = I, cos 2ut 


on the assumption that the rotor is rotating at syn- 
chronous speed, that is, with no slip. 


Similarly the currents in phases B and C will be 
1, = I, cos (2wt — 120°) 
and 1,. = I, cos (2mt — 240°) 





O O 


STATOR 


Fig. 7._-Explanatory diagram of stator and rotor 
windings. 


The stator current corresponding to these rotor 
currents depends on the value of the rotor current and 
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on the angular displacement between the stator and 
rotor coils. 

The components of the stator current correspond- 
ing to the three rotor phases are therefore as follows : 


Phase A. 
Phase B. 
Phase C. 


and the total stator current is equal to the sum of 
these three. 

If this expression be developed the following 
result is obtained : 


I, cos 2wt sinwt 
I, cos (2wt — 120°) sin (wt — 120°) 
I, cos (2at — 240°) sin (wt — 240°) 


L_=- 5 I, sin wt 


so that the stator current is of normal frequency 


;' 3 , 
and has an effective value equal to = of the effective 


2 
value of the rotor current. 


The power taken from the supply is therefore: 


Pius 


5 V, J, and the loss in the resistance is 


As explained above, if a one-to-one ratio of 
turns in stator and rotor be assumed, then: 


V, = V2 


so that the loss in the resistance is double the power 
taken from the supply. 

It is clear from this that half the loss is supplied 
by transformer action through the stator and the other 
half is supplied by the kinetic energy of the rotating 
parts, thus producing the braking effect. 
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Arce Control Pots. 


By C. J. O. GARRARD, M.Sc., A.M.I.E.E. 


Switchgear Dept. Witton Engineering Works. 


1. CIRCUIT BREAKING -ARC 
EXTINCTION. 


IRCUIT breakers, which 
C are used for the protection 
of electrical systems against 
dangerous conditions, interrupt 
the fault current by first drawing, 
and then extinguishing, an arc 
between a pair or pairs of contacts. 
The process of extinction involves 
increasing the resistance of the 
space between the contacts to such 
a value that, under the influence of 
the applied voltage, no appreciable 
amount of current can flow. 

The conductivity of an arc depends upon the 
degree to which the gaseous arc column is ionised, 
that is to say, upon the quantity of free electrons 
per unit volume of the column. The degree of 
ionisation again depends upon the temperature. 
Due to radiation and conduction of heat away from 
the arc, its temperature tends to fall unless the loss 
of energy is made good from the external circuit. 

Under the conditions obtaining in an oil circuit 
breaker, the current density in the arc may be of 
the order of 100 to 200 kA per sq. in.; in conse- 
quence, the voltage drop in the arc is fairly high 
(of the order of 30 to 50 volts per inch) and the 
dissipation of energy in the case of heavy current 
arcs is very large and may attain a value of many 
hundreds of kilowatts per inch length of arc. The 
liberation of so much energy in a small space 
leads to the production of a very high temperature, 
to which the conductivity of the arc is due in con- 
sequence of the resultant ionisation of the medium. 

In a steadily burning arc the rate of loss of energy 
by dissipation of heat is exactly equal to the rate 
at which it is supplied by the external circuit, the 
amount being represented by the product of the 
current and the voltage across the arc. The tem- 
perature of the arc column is thus adjusted auto- 
matically to such a value that the arc voltage or 
resistance drop, i.e., the product of current and 
resistance, multiplied by the current, represents a 
rate of supply of energy exactly equal to the rate 
at which energy is abstracted from the arc by the 
cooling due to the surrounding medium. 

The conductivity is very sensitive to changes 


i 


The physical basis of the action 
of oil circuit breakers is briefly 
described and the necessary char- 
acteristics of an effective arc 
control device derived therefrom. 


The operation of the side-blast 
arc control pot is discussed in 
detail and a description given 
of the range of arc control pots. 
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of temperature, and thus varies 
directly as the strength of the 
current and inversely as_ the 
effectiveness of any cooling agent 
that may act upon the arc, because 
a variation of either of these 
factors causes a variation of the 
arc temperature. 

Any change in the amount of 
cooling brings a change in the state 
of the arc. If the cooling decreases, 
the temperature increases ; the 
ionisation is thus augmented, and 
the resistance reduced, with the 
result that the current tends to increase. Con- 
versely, if the cooling is increased, the ionisation 
is decreased and the resistance is raised. The 
result depends upon the extent of the increase of 
the cooling and the characteristics of the supply 
circuit. If these are such that the current decreases 
only slightly due to the increase in the resistance of 
the arc, that is, if the latter forms only a small part of 
the total impedance of the circuit, which is often the 
case, then the increased arc resistance results merely 
in an increase in the arc voltage and in the liberation 
in the arc of a greater amount of energy than at first. 
The arc then settles down to a new state of equili- 
brium. If, however, the cooling is sufficiently 
intense, the increase in the supply of energy due to 
the increase in arc voltage is more than counter- 
balanced by the loss due to the decrease in current 
and the arc becomes unstable, each small decrement 
of current leading to a still further decrement, until 
finally the arc is extinguished. 

Besides the effect of cooling, which is probably 
of chief importance in most circuit breakers, two 
other influences may have a considerable effect upon 
the conductivity of an arc; these are the pressure 
of the gaseous medium in which the arc burns, and 
severance or cutting of the arc column. 

At pressures and temperatures near those of the 
atmosphere the dielectric strength of a gas is approxi- 
mately proportional to its pressure; the relation 
between conductivity and pressure at the high 
temperatures encountered in the arc is not known 
exactly, but it is certain that there is an inverse 
relationship, and that conductivity decreases with 
increase of pressure. 
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If an arc column can be cut into two or more 
sections and barriers of badly conducting material 
interposed, its effective resistance can be enormously 
increased and the arc thereby extinguished. To cut 
or sever an arc column is a very difficult matter 
owing to the high temperature of its core, which 
destroys all solid or liquid material. It seems, 
therefore, that this third process of arc extinction 
enters into action only after the intensity of the arc 
has been considerably reduced by previous cooling, 
or compression, or by both. In the majority of 
circuit breakers it is probable that all three influences 
are brought to bear upon the arc, their relative 
importance varying from one type of breaker to 
another. It is likely that while cooling alone may be 
sufficient to produce extinction in suitable cir- 
cumstances, neither increase of pressure nor sever- 
ance alone or in combination can be successful 
unless assisted by cooling. 


~~ 0-01 SEC. jx — 









































Fig. 1. 


This article deals with the arcs which result 
from attempts to interrupt alternating short-circuit 
currents. In these circumstances the voltage drop 
across the arc has, in most practical cases, only a 
small effect upon the value or wave-form of the 
short-circuit current. The current therefore main- 
tains its sinusoidal wave-form as the breaker is 
opened, and, in the case of fifty-cycle circuits, passes 
through zero a hundred times a second (i, in 
fig. 1). 

The amount of energy delivered to the arc varies 
between a maximum and zero in conformity with the 
alternations of current and must thus become zero 
when the current is zero, irrespective of the resistance 
of the arc column. The variation in the power 
supplied to the arc will, therefore, be as shown by 
curve w in fig. 1. 

The periodic cessation of the supply of energy 
naturally leads to a corresponding periodic variation 
of the temperature of the arc column. As, however, 
the medium in which the arc burns, and the gas in 
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the arc column itself, have a certain thermal capacity, 
the variation of the temperature is not exactly in 
synchronism with the current, but the point of 
minimum temperature occurs in each case a very 
short time after the current falls to zero, as shown 
by curve t, fig. 1. Unless special means of cooling 
is adopted, the minimum temperature remains 
considerably above that of the surrounding space, 
again by reason of the thermal capacity of the arc 
column. 

These considerations show how an alternating 
current arc can continue to burn indefinitely in spite 
of the repeated passage of the current through Zero ; 
they also give an indication of how the arc may be 
extinguished. As the current approaches zero 
during the latter part of each half-wave, there is a 
possibility of considerably reducing the temperature 
of the arc column by intensive cooling, and the 
consequent reduction of conductivity may be so 
great that the available voltage is insufficient to 
re-strike the arc, once the current has become zero. 
As the time available for this action is extremely 
short—a few ten-thousandths of a second—and as 
the temperature of the body to be cooled is very high— 
several thousand degrees Centigrade—the only 
practicable means of cooling is by a jet or blast of 
gas or liquid, or a mixture of both, that is made to 
impinge violently upon the arc column and scour 
the space in which the arc burns. 

The production of such a blast or jet of gas may 
cause an increase of pressure in the space around the 
arc, and it is not improbable that the turbulence of 
the medium that must inevitably accompany a strong 
blast in an enclosed space may lead to the severance 
of the arc column in one or more places. 

While the main difficulty in designing a circuit 
breaker is to obtain a blast or cooling effect sufficiently 
strong to extinguish the arc, it must not be forgotten 
that the application of too violent an arc-quenching 
means may have disastrous results. If an arc is 
cooled too strongly, the current may be suddenly 
cut off at some instant far removed from the normal 
current zero. This results in the voltage across the 
breaker rising to many times the normal peak value, 
with consequent liability of damage to insulation. 
The strength of the arc-quenching means used in 
a circuit breaker must therefore be nicely pro- 
portioned to the magnitude of the current to be 
broken ; it must neither be so violent as to produce 
current cut-off, nor so feeble that it altogether fails 
to extinguish the arc. 


2. PLAIN BREAK OIL CIRCUIT BREAKERS. 


Even when no special means is provided for 
producing an intense blast, as in the case for instance 
of a knife switch, it is probable that the interruption 
of the current is due to the arc being cooled by the 
currents of air caused by hot air rising from the arc, 
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and by the movement of the blade. Knife switches 
are, of course, used only on low voltage systems, in 
which case the voltage drop in the arc itself is a 
fairly large proportion of the system voltage and thus 
contributes materially to the extinction of the arc 
by reducing the magnitude of the current. 

In a plain break oil circuit breaker, it is possible 
that the arc is extinguished by the combined action 
of cooling, increased pressure and sub-division of the 
arc columns. The arc burns between the contacts of 
the breaker, which are immersed in the oil in the 
tank. Due to the high temperature of the arc and 
the consequent release of large quantities of energy, 
the oil in the neighbourhood is decomposed and 
vaporised, thus giving rise to the evolution of a large 
quantity of gas. This gas is released at a rate pro- 
portional to the current in the arc, and is therefore 
formed in a series of pulses corresponding to the 
half-waves of the alternating current. It follows that 
a high degree of turbulence is produced in the oil, 
which surges violently in all directions and subjects 
the arc to the impact of a series of blasts of gas and 
masses of oil, which produce considerable cooling. 
In addition, the pressure inside the tank rises, thus 
assisting the de-ionisation of the arc column. The 
process may possibly be completed by the severance 
of the arc column by means of a mass of oil. 

While for moderate voltages and _ breaking 
capacities the plain-break type of circuit breaker is 
quite satisfactory, difficulty is experienced when the 
voltage or the breaking capacity rating, or both, are 
increased. As there is no particular means of 
directing the blast of gas produced by the arc, its 
action thereon is somewhat indefinite, so that the arc 
is not interrupted with very great certainty. The 
high pressure required to produce the necessary 
turbulence results in a heavy stress upon the tank 
enclosure, which it is difficult to render oil-tight. 
Further, when the voltage is increased, say to 22 kV 
or 33 kV, and the breaking current for a given MVA 
capacity becomes smaller in consequence, there is a 
risk that the arc column may wander about inside the 
tank with the resultant danger of a flash-over to earth. 

These disadvantages may be overcome by means 
of devices that create a more intense blast than can 
be produced in a large tank and direct it more 
effectively. One of the most important of these 
devices is the arc control pot. 


3. FORCED OR SELF-GENERATED BLAST. 


As the effect of an arc control device depends 
upon the intensity of the blast it produces, it is 
clear that uniform effectiveness over the whole 
range of current broken could be obtained by making 
the production of the blast independent of the 
current, that is to say, by generating it with a 
mechanically driven pump. 

Many circuit breakers are, of course, constructed 


upon this principle and operate exceedingly well. The 
blast may be produced either by discharging com- 
pressed gas previously stored in a reservoir, or by a 
spring operated oil pump. In either case, by suitable 
design it is possible to ensure the rapid extinction 
of the arc. 

It must be recognized, however, that this increased 
effectiveness can only be obtained at the expense of a 
certain amount of complication in the circuit breaker 
itself, and in the means for generating the blast. 
While there are circumstances where this compli- 
cation may be justified, there are, perhaps, more in 
which it is not, and where the simplicity and con- 
tinuous readiness for service which are characteristic 
of devices in which the arc itself produces the 
necessary blast, make them preferable to all others. 

Self-generating arc control devices can also 
very conveniently be fitted to breakers designed for 
incorporation in metalclad gear, and in many cases 
added to existing gear, the breaking capacity of 
which may in consequence be increased. 

The General Electric Co. Ltd., has developed and 
tested a series of arc control pots suitable for all 
commercial voltages and breaking capacities. As 
will be seen from the description below, these devices 
are surprisingly simple when the complicated 
function which they have to perform is considered. 
The reason for this simplicity is that their design is 
based upon what is believed to be a correct appre- 
hension of the principle upon which they operate, 
and it has been possible to eliminate all those 
complications which, although they may appear 
upon cursory examination to be of advantage in 
increasing the effectiveness of the device, are in 
reality of little value. 


4. PRINCIPLE OF ACTION OF G.E.C. ARC CONTROL 

POTS. 

When «ne considers the design of an arc control 
device in which the blast is to be generated by the 
heat of the arc itself, a difficulty presents itself, 
which at first sight appears formidable. 

As has been seen above, it is practicable, and in 
fact desirable, to interrupt the current only at the 
point where it is naturally zero, that is, at the end 
of a half-wave or “loop” of current. Therefore 
the blast must be effective at that instant, i.e., 
each time the current passes through zero. The 
maximum temperature produced by the arc and 
therefore the maximum rate of evolution of gas, 
however, are more or less simultaneous with the 
point of maximum current, that is, with the instant 
at which it is most difficult and least desirable to 
interrupt the current. Fortunately, however, this 
difficulty may be surmounted by fairly simple 
means. 

If an arc burns in a confined space which 1s 
filled with oil and provided with vents or openings, 
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the pressure caused by the decomposition of the 
oil by the heat of the arc produces a blast of oil 
and gas through the vent. It has been shewn that 
the amount of gas generated by an arc burning in 
oil is nearly proportional to the power which 1s 
dissipated by the arc. This power is, of course, the 
product of the current and the arc voltage. The 
latter is proportional to the length of the arc and 
increases somewhat with increase of the pressure 
in the space in which the arc burns. 

The amount of gas evolved per kWsec. of arc 
energy also increases as the pressure increases. If 
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the evolution of gas inside an enclosure such as that 
mentioned above is now considered, it is seen that 
immediately the arc is formed, or at the beginning 
of a half-cycle of current, there must be a rise of 
pressure inside the enclosure which causes a flow 
outwards through the vents. 

The rise of pressure depends upon the difference 
between the rate at which gas escapes from the 
enclosure and the rate at which it is evolved. This 
difference represents the amount of gas remaining 
inside the enclosure, which, as its quantity increases, 
must be accommodated by compression. The 
resultant pressure is therefore inversely proportional 
to the volume of the enclosure. This rise of 
pressure tends to cause the arc voltage to increase, 
thus augmenting the arc energy and the amount of 
gas produced per kWsec. of arc energy. 

It follows that if the current is sinusoidal (a in 
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fig. 2), the rate at which the evolution of gas increases 
is at first greater than the rate at which the current 
increases. As the rate of change of the current 
decreases towards the peak of the current wave the 
rate of evolution of gas continues to increase at a 
fairly rapid rate, reaching its peak value some time 
after the current has begun to decrease. 

The process is now reversed ; the proportionality 
between the rate of evolution of gas and the pressure 
and arc power, and that between the arc voltage 
and the pressure, which, while the current was 
growing resulted in the rate of evolution of gas 
increasing more rapidly than the current, now cause 
the gas production to decrease more rapidly, so 
that when the current falls to zero the production 
of gas is zero also. The rate of production of gas 
may therefore be represented by some such curve 
as 6 in fig. 2. 

Consider now the rate at which the contents of 
the enclosure are ejected through the vents. At the 
beginning of the formation of the arc a bubble of gas 
forms around it, forcing back the surrounding oil 
and ejecting a part of it through the vents. Due to 
the release of the pressure by the vents the bubble 
tends to extend further in the direction of the vents 
than in other directions, so that soon not much 
more oil is discharged through the vents, but 
practically only gas. 

The velocity with which the gas is discharged 
depends upon the difference in pressure between 
the inside and the outside of the enclosure. However, 
as soon as the internal pressure rises to about twice 
that outside, the velocity becomes approximately 
equal to that of sound, 1.e., about 1,000 ft. per sec., 
and then remains practically constant however high 
the pressure. So long, therefore, as the pressure in 
the enclosure is not less than two or three atmos- 
pheres, the rate at which gas is discharged from it is 
practically constant and proportional to the area of 
the vents. 

The fact that the gas on emerging from the 
enclosure has to displace, and thus set into motion, 
a greater or less amount of the oil contained in the 
tank also influences its rate of flow, as the necessity 
of applying force to the masses of oil in order to 
accelerate them results in back pressure being set 
up. Neglecting this for the moment, curves such as 
Ci, Coy Cz, in fig. 2 are obtained for the rate of 
discharge of gas from the enclosure, the steady value 
of the discharge depending upon the area of the 
vent. 

If any instant, t, is taken during the half-cycle of 
current represented by fig. 2(a), and a perpendicular 
is erected on the base line, the area of the space 
under the curve b to the left of this line represents 
the total amount of gas that has been generated during 
the time 0 to t. Similarly, the area under curve c¢,, 
say, shews the total amount that has escaped. The 
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difference between the two amounts gives the excess 
quantity that remains inside the enclosure, and 1s 
therefore, as mentioned above, a measure of the 
internal pressure at the time t. By performing this 
operation at various values of t, and for the different 
curves C,, C> and c3, a set of curves d,, d, and d; 1s 
obtained which show the variation of pressure 
inside the enclosure for various sizes of vent. 

If the area of the vent is just sufficiently large 
for the whole of the gas generated during one half- 
cycle to be discharged during that half-cycle, the 
pressure curve has the form d,. The pressure 
starts at zero, rises to a maximum just after the 
current maximum and falls again to zero at the end 
of the half-cycle. If the vent is now reduced, 
pressure curves such as d, and d; are obtained ; here 
the pressure does not fall to zero at the end of the 
half-cycle, but retains a certain value depending 
upon the degree to which the vent is reduced. So 
long as there exists an excess pressure inside the pot, 
there must be a blast of gas and oil issuing from the 
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vent; the desired result, namely the production 
of a blast at the current zero is thus achieved. This 
blast is the more violent the higher the pressure, 
not, it should be remarked, because the velocity of 
the blast is increased, but because, in consequence 
of the increased internal pressure, the density of the 
issuing gas is increased, and the blast then becomes 
more “‘solid,”’ 


If now the arc length remains constant while 
the vent area is progressively increased, another 
series of pressure curves, somewhat similar to those 
in fig. 2, is obtained. The amount of gas generated 
by the arc is proportional to the arc length (curves 
b,, 6, and 6, in fig. 3), while the volume ejected 
from the pot remains substantially constant (curves 
(c;, Cp and c3). The resulting pressure curves, d,, d, 














Fig. 4. 


and d3, would then have substantially the form 
shown in fig. 3. 

In deriving the curves d in figs. 2 and 3 it has 
been assumed that in each case the pressure at the 
beginning of a half-cycle is zero. If the pot works 
correctly, however, the pressure at the end of one 
half-cycle, and therefore at the beginning of the next, 
is no longer zero but has a certain definite value. 
The increase of pressure during each of the sub- 
sequent half-cycles is the same as that during the 
first. The result is that the pressure increases 
progressively in the form of a series of steps as 
shewn by curve a in fig. 4. 

In the case of an arc control pot having side 
vents that are uncovered progressively as the moving 
contact is withdrawn from the pot, the tendency 
for the peaks of internal pressure to increase as the 
arc grows longer is counterbalanced by the tendency 
for them to decrease as the free area of the vent 
increases. 

The progressive rise of pressure during successive 
half-cycles is thus less rapid than in curve a, fig. 4, 
and by suitable design it is possible to obtain a pressure 
curve such as }, fig. 4, where the initial pressure, 
and therefore the intensity of the blast at the begin- 
ning of the opening stroke are greater than in the 
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former case, but any danger of bursting the pot 
during the latter part of the stroke is avoided. 

The gas that is discharged from the vents has 
to find its way to the surface in the form of a bubble 
through the oil in the tank. In order to do this it 
has to displace and thus accelerate the oil. As the 
evolution of gas is rapid there is a tendency for the 
oil to be moved away rapidly. The inertia of the oil 
resists any such sudden acceleration with the result 
that a high back-pressure is set up, causing a corres- 
ponding pressure inside the bubble. It may be 
shown mathematically that this pressure does not 
rise simultaneously with the evolution of gas, 1.e., 
with the current, but only attains its maximum 
value some time after the rate of evolution of gas 
has again begun to decrease. The highest pressure 
is therefore reached shortly before, or at, the current 
zero, thus assisting the extinction of the arc. 

The third means of arc extinction mentioned 
above, namely severance of the arc column, may 
also play a part in the functioning of the arc control 
pot. 

If the pot vent is divided up by “‘splitters’’ or 
barriers into a number of smaller vents, the arc is 
driven against these splitters by the force of the 
blast. Once the column has been cooled to a certain 
extent and the supply of energy to the arc has been 
so reduced that the arc column no longer has the 
requisite temperature to burn its way through the 
advancing masses of gas, it may be carried away 
by the blast and forced into the vents, thus being 
cut into two or more sections by the splitters. It 
seems probable, however, that considerable pre- 
liminary cooling is necessary before this action 
can take place, and that it plays only a subsidiary 
role. This view is confirmed by the excellent 
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results that are obtained at large breaking currents 
and moderate voltages by arc control pots having 
only a single large vent. 


5. ARC LENGTH AND SYSTEM VOLTAGE. 


The arc column between the contacts of a breaker 
may be considered crudely as a form of variable 
resistance; the object of the arc control device is 
So to increase the resistance of the column during 
the passage of the current through zero that the arc 
cannot re-strike. The extent to which the con- 
ductivity of the arc column can be reduced depends 
upon the effectiveness of the blast directed upon it 
by the arc control device. However efficient this 
device, the arc column always retains a certain 
small conductivity or, expressed in another way, a 
certain finite resistance. 

The efficiency of the arc control device is limited 
principally by the mechanical strength that it is 
possible to obtain, having regard to the fact that the 
pots must be made principally of insulating material. 
This limits the maximum internal pressure that it is 
possible to allow and thus the extent to which the 
arc can be de-ionised. It follows from this that a 
given design of arc control device can produce only 
such a degree of de-ionisation as to increase the 
resistance per unit length of the arc to a certain 
value. In other words, for any given arc control 
device, the efficiency of which is characterized by the 
degree to which it makes the column conductivity 
approximate to zero, there is for any recovery voltage 
a minimum length of arc below which the circuit 
cannot be interrupted. Again, if the efficiency of 
the arc control device is reduced, the residual con- 
ductivity of the arc column is increased, and the 
necessary length for a certain voltage is also increased. 
Summing up, the length of the arc column must 
be proportioned to the recovery voltage, and in- 
versely proportioned to the degree of de-ionisation 
of each unit of the total length, so that the same 
effect can be obtained either by a short arc which is 
strongly de-ionised, or by a long arc which is feebly 
de-ionised. 

As was seen above, even with a good design of 
arc control pot, the blast is somewhat less effective 
when the breaker is interrupting a small current 
than when the current is greater. It follows that the 
arc length increases as the current broken decreases. 
Further, the arc length increases as the system 
or recovery voltage increases, because a greater 
length of column, de-ionised to a given degree, 
is necessary to withstand the applied voltage. 

If a given arc control pot is tested at different 
breaking currents and at several different voltages, 
a series of curves, one for each voltage, is obtained 
as shewn in fig. 5. These curves apply to a pot 
designed for 132 kV and tests upon it were made 
at the rated voltage and also at 90 and 45 kV. 
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There are two interesting features about these 
curves. In the first case, while the length of the arc 
increases as the current broken decreases, this 
variation only holds down to certain limiting currents. 
At values of breaking current below the critical 
current the arc length again decreases. The reason 
is, of course, that at very small currents the arc 
itself, in conjunction with the outside circuit, becomes 
unstable and the current tends to fall automatically 
to zero, independently of any particular arc- 
quenching device. The other interesting fact is 
that the three curves, which for moderate values 
of breaking current are widely spaced, draw together 
as the breaking current increases. The influence of 
the recovery voltage upon the length of arc necessary 
to ensure interruption of the current decreases as 
the current is increased, that is to say, as the effective- 
ness of the operation of the arc control device increases. 


6. DESIGN OF ARC CONTROL DEVICES. 


The proportions of an arc control device are 
determined by two factors. The length is fixed by 
the system voltage in accordance with the consider- 
ations mentioned above, wherein it has been shown 
that the length to which the arc must be drawn is 
approximately proportional to the recovery voltage, 
so that the length of the pot must be approximately 
proportional to the system voltage. 

The internal volume of the pot and the size of 
the vents are determined by. the system voltage, the 
current to be broken and the speed with which the 
moving contact is withdrawn. 

The cross-sectional area of the pot depends upon 
the current to be broken, as a unit length of an arc 
carrying a given current produces a given amount 
of gas, which in turn requires a given volume for its 
accommodation if the limiting pressure, which is 
fixed by the strength of the pot, is not be to exceeded. 

Therefore, the cross-sectional area of the pot 
must be approximately proportional to the current 
to be broken. From which it follows that, for a 
given maximum pressure, the internal volume is 
approximately proportional to the product of the 
system voltage and current broken, i.e., to the MVA 
capacity of the breaker. 

While these generalisations have a certain amount 
of value as a guide to the design of an arc control 
pot for a given set of conditions, they do not permit 
of predicting with any great degree of accuracy the 
performance of a given design. In particular the 
size of the vents is critical for the performance, so 
that the best size can be found only by trial and 
error, frequently involving a protracted series of 
tests at different current ratings. Similarly, the 
effect of the internal pressure in stressing the pot 
enclosure is practically impossible to calculate, 
firstly, because it consists of a number of impulses 
superimposed upon a rapidly varying steady pressure, 


and secondly, because of the irregular shape of the 
parts of the pot. It is, therefore, almost impossible 
to design and construct a range of arc control devices 
without having available at the Works a short 
circuit testing plant, in which constant experiments 
can be performed. 

One of the most important points that must be 
observed in constructing an arc control pot is that 
the whole length of the arc is acted upon uniformly 
by the arc quenching means, and thus has its con- 
ductivity uniformly reduced. If, for example, only 
the middle part of the arc column is acted upon 
by the blast, and the ends are not effectively de-ionised, 
they act merely as physical extensions of the contacts, 
so that the middle or de-ionised part of the arc 
column itself must be sufficiently long to ensure 
extinction of the arc, the extremities being so much 
wasted length. 

In a side-blast pot it is only those parts of the 
arc which are in proximity to the vents that are 
acted upon to any great extent by the blast. This is 
so because the blast only attains its maximum 
velocity at points near the vents. 

From what has been said above, it follows that 
for voltages up to and including 11 kV the maximum 
arc length required is not much in excess of two to 
three inches. It is therefore possible to arrange the 
pot with a single vent, situated a short distance 
below the fixed contact, and still obtain sufficient 
uniformity of action of the blast over the whole 
length of the arc. The same argument applies to 
pots for 33 kV, although only so long as two pots 
are used in series, as for instance is commonly the 
case in breakers with double break, and for moderate 
breaking capacities. 

If a single break is used, or if the breaking 
capacity is large, say 750 MVA or more, it becomes 
advantageous to split up the total vent area into a 
series of separate vents distributed evenly over the 
length of the pot. This applies, with even more 
force to pots for voltages of 66 and 132 kV. 


7. CONSTRUCTION OF G.E.C. ARC CONTROL POTS. 


The mechanical construction of arc control pots 
is governed by two considerations. The pot must 
be constructed of insulating material in order to 
prevent the arc transferring from the contacts to 
the walls of the pot, and it must be sufficiently strong 
to withstand the internal pressure due to the arc. 
These two conditions are not easy to fulfil sim- 
ultaneously. 

Typical pots from the complete range that has 
been developed are shewn in fig. 6. For voltages 
of 6-6 and 11 kV, and breaking capacities up to 
350 MVA, the pot (fig. 6a), consists of a cylindrical 
tube of special fibre, the lower end of which is closed 
by a fibre plug. The upper and lower ends of the 
tube are reinforced by steel rings forced on under 
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pressure, the upper ring serving to fix the pot to 
the terminal stem. The moving contact enters 
through a chamfered hole in the plug and engages 
with the fixed arcing contacts which are in the 
form of hinged fingers with replaceable tips. 
Both fixed and moving contacts are faced with 
G.E.C. special heavy alloy to minimise the burning 
caused by the short-circuit current. The pot is 
vented by a hole of suitable size cut in the fibre 
tube a short distance below the fixed contact. In 
order to protect the fibre tube from burning by the 
arc an easily renewable screen is inserted between 
the contacts and the wall of the pot. 

When the breaking capacity of the breaker 
exceeds about 350 MVA, the type of pot shewn 
by b in fig. 6 is used. Instead of a fibre tube the 
pot consists of a number of discs held together in 
the form of a stack by through bolts, which also 
serve to attach the pot to the terminal. The middle 
part of these discs is cut away to give an internal 
cavity and certain of them are so shaped as to form 
vents. The end plate of the stack consists of a 
disc thicker than the rest which is counter-bored 
to accommodate the heads of the through bolts 
which are covered by fibre plugs screwed into the 
holes. For very large capacities the pot may be 
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reinforced by steel rings surrounding the fibre discs. 

For voltages of 33 kV and above it is advisable 
to avoid the presence of bolts passing from one 
end of the pot to the other. 

Fig. 6c shews a type of pot used for 33 kV and 
breaking capacities of 350 to 750 MVA. The outer 
pot cylinder is a tube of a special quality bakelised 
paper, wound on a mandrel under great pressure so 
as to produce a material of great strength and 
toughness. The lower end is closed by a thick disc 
of special fibre held on by a series of short screws 
engaging with round nuts which are let into holes 
bored in the bakelite. A similar arrangement, 
using studs and nuts however, attaches the pot to 
the terminal stem. The interior of the pot comprises 
a stack of fibre plates having an internal cavity and 
vents as described above. These are held in position 
by dowels, and clamped together when the pot 1s 
drawn up against the top plate by the fixing studs. 
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ARC CONTROL POTS 77 


Holes are bored in the outer bakelite tube to corres- 
pond with the vents in the stack of discs. 

For voltages still higher than 33 kV, 1.e., 66 kV 
and 132 kV, it has been found desirable to avoid any 
metal parts in the lower end of the pot. This is 
achieved (fig. 6d) by adding a ring of bakelised paper 
which is forced inside the outer tube and held by 
dowels which are carefully fitted to pass through 
both the outer tube and the inner ring. The re- 
mainder of the pot is made in exactly the same way 
as the pot described above. 

High tension breakers are seldom required for 
normal currents in excess of 600 or 800 amperes. 
It thus becomes possible to dispense with main 
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66 kV 
Breaking capacity up to 1,000 MVA 


contacts outside the arc control pots and to carry 
the current through the arcing contacts which are 
made of solid copper of massive section. The 
burning by the short-circuit current is slight and 
has no effect upon the current carrying capacity of 
the contacts or upon their temperature rise. 
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132 kV 
Breaking capacity up to 1,500 MVA 


hich has been developed for 6.6 to 132 kV and breaking capacities up to 1,500 MVA. 
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pressure, the upper ring serving to fix the pot to 
the terminal stem. The moving contact enters 
through a chamfered hole in the plug and engages 
with the fixed arcing contacts which are in the 
form of hinged fingers with replaceable tips. 
Both fixed and moving contacts are faced with 
G.E.C. special heavy alloy to minimise the burning 
caused by the short-circuit current. The pot is 
vented by a hole of suitable size cut in the fibre 
tube a short distance below the fixed contact. In 
order to protect the fibre tube from burning by the 
arc an easily renewable screen is inserted between 
the contacts and the wall of the pot. 

When the breaking capacity of the breaker 
exceeds about 350 MVA, the type of pot shewn 
by b in fig. 6 is used. Instead of a fibre tube the 
pot consists of a number of discs held together in 
the form of a stack by through bolts, which also 
serve to attach the pot to the terminal. The middle 
part of these discs is cut away to give an internal 
cavity and certain of them are so shaped as to form 
vents. The end plate of the stack consists of a 
disc thicker than the rest which is counter-bored 
to accommodate the heads of the through bolts 
which are covered by fibre plugs screwed into the 
holes. For very large capacities the pot may be 
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reinforced by steel rings surrounding the fibre discs. 

For voltages of 33 kV and above it is advisable 
to avoid the presence of bolts passing from one 
end of the pot to the other. 

Fig. 6c shews a type of pot used for 33 kV and 
breaking capacities of 350 to 750 MVA. The outer | 
pot cylinder is a tube of a special quality bakelised 
paper, wound on a mandrel under great pressure so | 
as to produce a material of great strength and 
toughness. The lower end is closed by a thick disc 
of special fibre held on by a series of short screws | 
engaging with round nuts which are let into holes 
bored in the bakelite. A similar arrangement, 
using studs and nuts however, attaches the pot to 
the terminal stem. The interior of the pot comprises | 
a stack of fibre plates having an internal cavity and | 
vents as described above. These are held in position 
by dowels, and clamped together when the pot 1s | 
drawn up against the top plate by the fixing studs. 
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ARC CONTROL POTS 77 


Holes are bored in the outer bakelite tube to corres- 
pond with the vents in the stack of discs. 

For voltages still higher than 33 kV, 1.e., 66 kV 
and 132 kV, it has been found desirable to avoid any 
metal parts in the lower end of the pot. This 1s 
achieved (fig. 6d) by adding a ring of bakelised paper 
which is forced inside the outer tube and held by 
dowels which are carefully fitted to pass through 
both the outer tube and the inner ring. The re- 
mainder of the pot is made in exactly the same way 
as the pot described above. 

High tension breakers are seldom required for 
normal currents in excess of 600 or 800 amperes. 
It thus becomes possible to dispense with main 
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contacts outside the arc control pots and to carry 
the current through the arcing contacts which are 
made of solid copper of massive section. The 
burning by the short-circuit current is slight and 
has no effect upon the current carrying capacity of 
the contacts or upon their temperature rise. 
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Which has been developed for 6.6 to 132 kV and breaking capacities up to 1,500 MVA. 
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